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Preface

Infectious diseases have made a strong comeback after a lull in the years immedi-
ately following World War II. The ability of microbes to adapt to host immune
responses and intense pressure from antibiotic use, combined with societal changes,
has contributed to a resurgence of many infectious diseases. In addition, there are
now several “new” diseases, including Legionnaires’ disease, Lyme disease, ehrli-
chiosis, SARS, toxic shock syndrome, and Ebola hemorrhagic fever. In just the last
twenty years we have seen the appearance of a virulent strain of avian influenza that
attacks humans, a human variant of “mad cow” disease, and new drug-resistant
forms of Staphylococcus aureus. These new or emerging infectious diseases
have raised considerable concern about the possibility of widespread and possibly
devastating disease epidemics.

It could be argued that at least some of the increase in vector-borne disease
is the result of increased recognition and reporting. Specific disease recognition is
certainly made easier by newer technologies such as the polymerase chain reaction
(PCR). However, such societal changes as population increases, ecological and
environmental changes, and especially suburbanization (building homes in tracts of
forested lands) are contributing to an increase in the incidence of many of these
vector-borne diseases.

In light of this vector-borne disease increase, information about these entities —
their distributions, hosts, reservoirs, and vectors — is much needed. Thus, Infectious
Diseases and Arthropods, Second Edition is intended to provide physicians, as well
as entomologists and other interested parties, with a reference on the biological and
entomological aspects of infectious diseases. The primary approach has been to
present readily accessible information on each of the major vector-borne diseases,
with an emphasis on the relevant biology and ecology of each one. Since I am writing
as an entomologist, the text obviously leans heavily to the organismal side of each
disease, with, in some cases, less emphasis on clinical aspects. No effort has been
made to present an in-depth review of each disease; instead, there is a middle-of-the-
road consensus of current thought on each subject. It is the author’s hope that
Infectious Diseases and Arthropods, Second Edition will prove a useful adjunct to
the clinical texts employed by infectious disease specialists, public health and travel
medicine physicians, epidemiologists, and others with duties encompassing vector-
borne diseases. Treatments are mentioned (but without specific dosages) for the

vii



viii Preface

various diseases, but are only intended as general guidelines. They are in no way
intended to be the sole, specific treatment for any particular patient. Physicians
should consult clinical texts or drug package inserts for the most current
recommendations.

Jerome Goddard
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Chapter 1
Arthropods and Health

1.1 Classification of Arthropods

The phylum Arthropoda includes insects, spiders, mites, ticks, scorpions, centipedes,
millipedes, crabs, shrimp, lobsters, sowbugs (rolly-pollies), and other related organ-
isms. Arthropods are characterized by segmented bodies; paired, jointed appendages
(e.g., legs and antennae); an exoskeleton; and bilateral symmetry (Fig. 1.1) (1).
Arthropods display an amazing diversity and abundance. They make up more than
85% of all known animal species (2). Arthropods are found on every continent, and a
square meter of vegetation is literally teeming with them. For brevity, four classes of
arthropods will be discussed in this chapter — insects, arachnids, centipedes, and mil-
lipedes. Table 1.1 discusses some key characteristics of the major arthropod groups.

1.1.1 Insects

Like other arthropods, insects possess a segmented body and jointed appendages.
Beyond that, however, there is much variation: long legs, short legs; four wings, two
wings, no wings; biting mouthparts, sucking mouthparts; soft bodies, hard bodies, etc.
Despite the diversity, adult specimens can be recognized as insects by having three
pairs of walking legs, three body regions: head, thorax (bearing legs and wings if
present), and an abdomen. No other arthropods have wings. Although most adult
insects have wings, several medically important species are wingless (e.g., lice, fleas).

Insects have different forms of development. In those with simple metamorphosis
(grasshoppers, lice, true bugs), the immatures are called nymphs and are structurally
similar to the adults, increase in size at each molt, and develop wings (if present) dur-
ing later molts (Fig. 1.2). In groups with complete metamorphosis (e.g., beetles, flies,
bees and wasps, moths and butterflies, and fleas), the immature stages are called
larvae and pupae and look nothing like the adult (Fig. 1.3). Often, larvae are wormlike
and are frequently called “worms” by lay people (Fig. 1.4). The three body regions
are never as distinct as they are in adults, but generally three pairs of short walking
legs are evident. Fly larvae (maggots) lack walking legs and, although some such as

J. Goddard, Infectious Diseases and Arthropods, 3
© Humana Press 2008
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Fig. 1.1 a Generalized insect drawing with parts labeled; b several different insect types (from
US Department HEW [CDC] pictorial keys)

Table 1.1 Key characteristics of some arthropod groups

Arthropod group Class Characteristics Remarks
Insects Insecta Six legs Mostly nonharmful (even helpful)
to humans; some species bite
or sting
Three body regions
Most with wings
Spiders Arachnida  Eight legs Most bite, but with little or no con-
sequence
Two body regions: Brown recluse, widow spiders, hobo
cephalorax, abdomen spider may be dangerous in the
United States
Mites and ticks ~ Arachnida  Eight legs (as adults) Ticks are essentially “large mites”
One globose or disk- Ticks transmit several disease
shaped body region agents to humans
No true heads, mouthparts
only
Scorpions Arachnida  Eight legs One dangerous species in the United
States occurring in Arizona and
New Mexico
Centipedes Chilopoda  One pair legs per body Called “hundred leggers”
segment
Often dorsoventrally Painful bites, but mostly harmless
flattened
Millipedes Diplopoda  Two pairs of legs per Called “thousand leggers”

body segment
Often cylindrical

Defensive fluids may cause burns or
stains on skin

mosquitoes have three body regions, others (e.g., larvae of houseflies and blow-flies)
do not have distinct body regions. Caterpillars and similar larvae often appear to have
legs on some abdominal segments. Close examination of these abdominal “legs”
(prolegs) reveals that they are unsegmented fleshy projections, with or without a
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Fig. 1.2 Head lice life cycle, example of a simple metamorphosis (from US, DHHS, CDC, home-
study course 83-3297)

Adult

Pupa ~

Larva

Fig. 1.3 House fly life cycle — example of complete metamorphosis (from USDA, ARS, Agri.
Hndbk. No. 655, Feb. 1991)

series of small hooks (crochets) on the plantar surface, and structurally quite unlike
segmented walking legs on the first three body segments behind the head.

1.1.2 Spiders

Spiders have two body regions — an anterior cephalothorax and a posterior abdo-
men connected by a waist like pedicle (Fig. 1.5). The anterior portion consists of
the head with various numbers of simple eyes on the anterior dorsal surface, and
the thorax with four pairs of walking legs. The mouthparts, called chelicerae,
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Fig. 1.4 Various types of insect larvae

are hollow, sclerotized, and fang-like, and are used to inject poison into prey.
Located between the chelicerae and the first pair of walking legs are a pair of
short leg-like structures called pedipalpi, which are used which are used to hold
and manipulate prey. Pedipalpi may be modified into copulatory organs in
males. The spider abdomen is usually unsegmented and displays spinnerets for
web production at the posterior end. Immatures look the same as adults, except
smaller.

One note must be added about “daddy longlegs,” since most people erroneously
call them spiders. Harvestmen, or daddy longlegs (order Opiliones), have many
characteristics in common with true spiders; however, they differ in that the abdo-
men is segmented and broadly joined to the cephalothorax (not petiolate). Most
species have extremely long, slender legs. Contrary to folklore, they are not
venomous.
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Fig. 1.5 Various spiders: top, tarantula; middle, brown recluse; bottom, black widow dorsal view
(not drawn to scale) (US, DHEW, PHS, CDC, pictorial keys)
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Fig. 1.6 Tick (a) and mite (b); not drawn to scale (from US, NIH, Bull. No. 171 and USDA, ARS,
Agri. Hndbk. No. 655)

1.1.3 Mites and Ticks

These small arachnids appear to have only one body region (cephalothorax and
abdomen fused), the overall appearance being globose or disk-shaped (Fig. 1.6).
This general appearance quickly separates them from other arthropods. The body
may be segmented or unsegmented with eight walking legs present in adults.
Larvae, the first-stage immatures, have only six (rarely fewer) legs, but their fused
cephalothorax and abdomen readily separates them from insects. They attain the
fourth pair of legs at the first molt and thereafter are called nymphs until they
become adults. As in spiders, immature ticks and mites are generally similar in
appearance to adults. In general, ticks are considerably larger than mites. Adult
ticks are generally about the size of a pea; mites are about the size of a grain of sand
(often smaller).

1.1.4 Scorpions

Scorpions are dorsoventrally flattened creatures with an anterior broad, flat
area and a posterior segmented “tail” with a terminal sting (Fig. 1.7). Although
these outward divisions do not correspond with actual lines of tagmatization,
they do provide an appearance sufficient to distinguish these arthropods from
most others. Like spiders, they have four pairs of legs, the mouthparts are
chelicerae, and the first elongate appendages are pedipalpi. Scorpion pedipalpi
are modified into pinchers to capture prey. Immatures are similar to adults in
general body form.
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Fig. 1.7 Typical scorpion (photo copyright 2008 by Jerome Goddard, Ph.D.)

1.1.5 Centipedes and Millipedes

Centipedes and millipedes bear little resemblance to the other arthropods previ-
ously discussed. They have hardened worm-like bodies with distinct heads and
many pairs of walking legs (Fig. 1.8). Centipedes are swift-moving, predatory
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Fig. 1.8 Centipedes and millipedes: a common house centipede, b giant centipede, ¢ common
millipede (from: US, DHEW, PHS, CDC, pictorial keys)



10 1 Arthropods and Health

organisms with one pair of long legs on each body segment behind the head.
Millipedes, on the other hand, are slow-moving omnivores or scavengers that have
two pairs of short legs on each body segment (after the first three segments, which
only have one pair each). Immatures are similar to the adults.

1.2 Medical Importance of Arthropods

Arthropods may affect human health directly or indirectly. Directly, humans are
affected by bites, stings, myiasis, and other mechanisms such as insects getting
inside the ears (3); indirectly, they are affected through allergies and disease trans-
mission (see Chap. 2 for a detailed list). However, one must be careful not to con-
sider all arthropods detrimental or dangerous. Only a small percentage are medically
important. Most arthropods are benign as far as their effects on humans are con-
cerned and are extremely important components in ecological communities.

1.2.1 Historical Aspects of Medically Important Arthropods

Humans have undoubtedly been bothered by arthropods since prehistoric times.
Recorded instances of arthropod-borne diseases and infestations go back to the Old
Testament, in which accounts of plagues on the Egyptians are described, many of
which were apparently caused by insects. Also, about 2500 BC a Sumerian doctor
inscribed on a clay tablet a prescription for the use of sulfur in the treatment of itch
(sulfur is now known to kill itch and chigger mites) (4). First-century BC hair combs
containing remains of lice and their eggs have been unearthed (5). Some Peruvian
pottery from circa 600 AD shows natives examining their feet — and their feet display
what appear to be holes where chigoe fleas (burrowing fleas) have been removed (6).
Other pottery found near the Mimbres River, New Mexico, dated to circa 1200 AD,
clearly depicts a swarm of mosquitoes poised for attack. Modern medical entomol-
ogy had its beginning in the late 1800s. In the space of about 20 years, several fun-
damental discoveries were made linking arthropods with the causal agents of
disease. This opened a whole new vista: the so-called vector-borne diseases, but lest
we develop chronological snobbery, thinking that our ancestors were “less enlight-
ened” or somehow unintelligent, consider the fact that in 1577, Mercurialis believed
that flies carried the virus of plague from ill to healthy persons. In addition, in 1764,
the physician Cosme Bueno described the conditions of cutaneous leishmaniasis and
Carrion’s disease in Peru, and attributed them both to the bite of a small insect called
uta (7). The word “uta” is still used sometimes in the Peruvian highlands for sand
flies, the vector of leishmaniasis. Sand flies are small and inconspicuous, and it is
amazing that anyone could make that connection. Thousands of years ago, before
the routine collection and recording of information, there may have been other
insights into transmission of disease pathogens by arthropods.
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Arthropods themselves, as well as the disease agents they transmit, have greatly
influenced human civilization. Sometimes the influence has been notable or
recorded, such as when plague epidemics swept through Europe or louse-borne
typhus decimated armies. A more recent disintegration of society is described by
Crosby in her book about the yellow fever epidemic in Memphis, TN (8). However,
in many other instances the influence of arthropods has not been easily recognized.
Great expanses of seacoast areas (e.g., Florida) or inland swamp areas were left
undeveloped because of fierce and unbearable mosquito populations. These areas
were only populated after the advent of effective area-wide mosquito control. In a
similar fashion, a large part of Africa was left untouched by humans for centuries
because of the risks posed by African trypanosomiasis (sleeping sickness) and fal-
ciparum malaria.

1.2.2 Direct Effects on Health

Arthropod stings and bites cause significant pain and suffering each year (9-12). In
fact, there are over 620,000 insect bites/stings treated in emergency departments
each year (13). Most stings result when social insects, such as bees, ants, and
wasps, defensively attack persons coming near or disturbing their nests. Venom is
injected on stinging. Thus the term envenomization (or envenomation) is an accu-
rate descriptor. Venoms vary in chemical content from species to species, but basi-
cally contain highly complex mixtures of pharmacologically active agents,
biologically active agents, or both (e.g., histamine, serotonin, dopamine, mellitin,
apamin, kinins, and enzymes, such as phospholipase A) (14). Imported fire ants are
somewhat different, having an alkaloidal venom. Scorpion venom characteristically
contains multiple low-mol-wt basic proteins (the neurotoxins), mucus (5-10%),
salts, and various organic compounds, such as oligopeptides, nucleotides, and
amino acids (15).

Bites may result in significant lesions as well, but not because of injected venom
(except for spiders). Bite lesions are generally a result of immune reactions to sali-
vary secretions injected during the biting process (Fig. 1.9)(16). Arthropods inject
saliva to lubricate the mouth-parts on insertion, suppress host immune responses,
increase blood flow to the bite site, inhibit coagulation of blood, aid in digestion,
or a combination of factors. Humans may become hypersensitive to salivary secre-
tions from groups of arthropods (e.g., mosquitoes) after repeated exposure. Spiders
inject a venom, ordinarily used for killing and digesting the soft tissues of prey,
which may cause neurotoxic effects (e.g., black or brown widow spider venom) or
necrotic effects (e.g., fiddle back or hobo spider venom).

Myiasis occurs when fly larvae (maggots) infest the tissues of people or animals.
It is mostly accidental or opportunistic, but in a few tropical species, the myiasis is
purposeful, or obligate, with the maggots requiring time inside host tissues for
development. Except for some cases of obligate cases (e.g., screwworm fly or bot
fly), myiasis is generally not life-threatening. Interestingly, some fly larvae have
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Fig. 1.9 Mosquito bite lesions showing inflammatory response (photo copyright 2005 by Jerome
Goddard, Ph.D.)

been used in the past and currently are used on a limited basis by the medical pro-
fession to debrid wounds (17). These maggots only eat dead tissue and produce
antibiotic substances, which reduce infection.

Some beetles, called blister beetles, possess the chemical cantharidin in their
body fluids which can produce large fluid-filled blisters when the beetles come into
contact with human skin (Fig. 1.10)(11). Fluids are secreted when the beetles are
touched or handled. However, most blistering occurs when people hit or smash the
insects on their bodies. Some millipede species also can cause stains or burns on
human skin via defensive body fluids (7).

1.2.3 Indirect Effects on Health

1.2.3.1 Disease Transmission

Disease transmission is the primary indirect effect of arthropods on human health.
The bite itself causes no health problem — it is the etiologic agent transferred during
the event. Depending on incubation period, development of disease may not occur
for days or months. Disease transmission by arthropods involves many interacting
factors, such as presence and behavior of animal reservoir hosts, competence of
arthropod vectors, and host/pathogen interactions (see Chap. 2). An understanding
of how disease pathogens are acquired and transmitted by arthropods is crucial to
preventing and/or managing vector-borne diseases.
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Fig. 1.10 Blister beetle (photo copyright 2005 by Jerome Goddard, Ph.D.)

Often unnoticed by practicing physicians in the temperate zone, arthropod-borne
diseases account for a huge portion of the spectrum of human maladies worldwide,
and the problem appears to be growing. An estimated 50 million and 100 million
people are at risk of African trypanosomiasis (sleeping sickness) and American
trypanosomiasis (Chagas’ disease), respectively (18-20). Dengue fever, transmitted
by mosquitoes, is epidemic throughout much of the Caribbean, Mexico, and Central
and South America (21, 22). In 1995, it was especially close to the US border.
There are an estimated 50 million new cases of dengue fever each year, and about
500,000 cases of dengue hemorrhagic fever (23). Some countries have reported a
700-fold increase over the past 30 years (23). Malaria, once declining in incidence,
is now on the rise. There are several hundred million new cases each year with 1 to
2 million deaths, mostly young children in Africa (24, 25). To make matters worse,
not only are the mosquito vectors becoming resistant to the insecticides used for
their control, but the parasites are becoming increasingly resistant to the antimicro-
bial drugs used to destroy them. Other vector-borne diseases appear to be emerging
(26). Lyme disease, unknown until the late 1970s, now accounts for at least 20,000
cases of tick-borne disease each year (27). Several thousand cases of human ehrli-
chiosis have occurred since the first case was recognized in 1986 (28, 29).

1.2.3.2 Arthropod Allergy

Numerous arthropods can cause allergic reactions in persons by their stings, includ-
ing various wasps, bees, ants, scorpions, and even caterpillars. However, the ones
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Order: Insecta

Family: Diptera
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Horse and Deer
Flies

Fig. 1.11 Classification of some flies known to cause allergic reactions by their bites

most commonly involved are paper wasps, yellowjackets, honey bees, and fire ants.
In addition to stings, bites from some arthropods may produce allergic reactions,
including anaphylaxis and other systemic effects. However, systemic hypersensitiv-
ity reactions to arthropod bites are much less common (almost rare) than those
resulting from stings. The groups most often involved in producing systemic effects
by their bites are the kissing bugs (genus Triatoma), tsetse flies, black flies, horse
flies, and deer flies (Fig. 1.11) (30, 31). Mosquitoes, to a lesser extent, are involved,
with several reports in the literature of large local reactions, urticaria, angioedema,
headache, dizziness, lethargy, and even asthma (32). Tick bites may sometimes
cause extensive swelling and rash. Ticks reported to do so are the hard ticks, Ixodes
holocyclus and Amblyomma triguttatum, and the soft tick, Ornithodoros gurneyi.
Arthropod saliva from biting insects contains anticoagulants, enzymes, agglutinins,
and mucopolysaccharides. Presumably, these components of saliva serve as sensi-
tizing allergens.

Allergy/Trritation Caused by Consuming or Inhaling Arthropod Parts

Several insect or mite species (or their body parts) may cause irritation and/or aller-
gic reactions when inhaled and, less commonly, when ingested. House dust mites,
Dermatophagoides farinae (and D. pteronyssinus), several species of mayflies and
caddisflies, some nonbiting chironomid midges, and cockroach body parts or feces
are the major inhalant offenders. As these arthropods die, their decaying cast skins
become part of the environmental dust (33). In addition, insect emanations such as
scales, antennae, feces, and saliva are suspected as being sources of sensitizing
antigens. Compounding the problem, the average child spends 95% of his or her
time indoors, providing plenty of time for sensitization. As for the digestive route,
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cockroach vomit, feces, and pieces of body parts or shed skins contaminating food
are most often the cause of insect allergy via ingestion.

Until the mid-1960s physicians simply diagnosed certain people as being allergic
to house dust. Subsequently, Dutch researchers made the first link between house dust
allergy and house dust mites (34, 35). The mites commonly infest homes throughout
much of the world and feed on shed human skin scales, mold, pollen, feathers, and
animal dander. They are barely visible to the naked eye and live most commonly in
mattresses and other furniture where people spend a lot of time. The mites are not
poisonous and do not bite or sting, but they contain powerful allergens in their excreta,
exoskeleton, and scales. For the hypersensitive individual living in an infested home,
this can mean perennial rhinitis, urticaria, eczema, and asthma, often severe. In fact,
Htut and Vickers (36) say that house dust mites are the major cause of asthma in the
United Kingdom. House dust mites can also be triggers for atopic dermatitis (37).

Recent evidence indicates that early and prolonged exposure to inhaled allergens
(such as dust mites and cockroaches) plays an important role in the development of
both bronchial hyperreactivity and acute attacks of asthma. Accordingly, bronchial
provocation with house dust mite or cockroach allergen can increase nonspecific
reactivity for days or weeks. So, the root cause of asthma onset is sometimes the
result of exposure to house dust mites or cockroaches. Asthma-related health prob-
lems are most severe among children in inner-city areas. It has been hypothesized
that cockroach-infested housing is at least partly to blame (33). In one study of 476
asthmatic inner-city children, 50.2% of the childrens’ bedrooms had high levels of
cockroach allergen in dust (38). That study also found that children who were both
allergic to cockroach allergen and exposed to high levels of this allergen had 0.37
hospitalizations a year, as compared with 0.11 for other children (38).

Mayflies and caddisflies are delicate flies that spend most of their lives under-
water as immatures. They emerge as adults in the spring and summer in tremendous
numbers, are active for a few days, and then die. They do not bite or sting, but body
particles from mass emergence of these insects have been well documented as caus-
ing allergies.

Nonbiting midges in the family Chironomidae have also been implicated as
causes of insect inhalant allergy. A greater prevalence of asthma has been demon-
strated in African populations seasonally exposed to the “green nimitti” midge,
Cladotanytarsus lewisi (39, 40). Kagen et al. (41) implicated Chironomus plumosus
as a cause of respiratory allergy in Wisconsin.

In areas heavily infested with cockroaches, constant exposure to house dust
contaminated with cockroach allergens is unavoidable. Accordingly, many people
become sensitized and develop cockroach allergy. In a study in Thailand, 53.7% of
458 allergic patients reacted positively to cutaneous tests to cockroach body parts
(42). In a study in New York City the figure was even higher; over 70% of almost
600 allergic patients routinely visiting seven hospitals reacted positively to
cockroach antigen (43). As for management of this problem, recent research on
cockroach allergen mitigation has shown that large-scale reductions in cockroach
allergens below clinically relevant thresholds have been realized through suppres-
sion of cockroach populations (pest control) (33).
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Fig. 1.12 Confused flour beetle, larva and adult (from USDA, ARS, Agri. Hndbk. # 655, 1991)

In addition to inhalant allergens, adult beetles and larval flies, moths, or beetles,
as well as their cast skins, often contaminate food and may be responsible for irrita-
tion and/or allergic responses through ingestion. The confused flour beetle,
Tribolium confusum, and rice weevil, Sitophilus granaries, have been reported to
cause allergic reactions in bakery workers (Fig. 1.12)(44). In addition, physicians
are often confronted with parents worried about their children who have inadvert-
ently eaten a “maggot” in their cereal, candy bar, or other food product. These
“maggots” may be moth, beetle, or fly larvae, and generally cause no problems
upon ingestion. However, some beetle larvae (primarily the family Dermestidae)
found in stored food products possess minute barbed hairs (Hastisetae) and slender
elongate hairs (Spicisetae) that apparently can cause enteric problems (45). The
symptoms experienced after ingesting dermestid larvae have been attributed to
mechanical action of the hastisetae and spicisetae resulting in tissue damage or
irritation in the alimentary tract. Clinical symptoms include diarrhea, abdominal
pain, and perianal itch (46, 47).
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Cockroaches seem to be most often involved in allergic responses from inges-
tion. Allergens are present in cockroach feces, which can be inadvertently ingested
in heavily infested areas. Other allergens are present in cockroach saliva and
exoskeletons which can be introduced into foodstuffs (44).
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Chapter 2
Dynamics of Arthropod-Borne Diseases

2.1 Mechanical vs Biological Transmission of Pathogens

Transmission of etiologic agents by arthropods is a complex phenomenon, and
generalizations are difficult to make. Just because an arthropod feeds on a diseased
host does not ensure that it can become infected, nor does it ensure (even if disease
agents are ingested) that ingested pathogens can survive and develop. There is con-
siderable misunderstanding about this. When bitten by a tick, people think of Lyme
disease (or something similar), often insisting that their physician prescribe an
antibiotic prophylactically. Little do they realize that there are many tick species
and not all are capable of disease transmission (1). Further, they fail to realize that
not every tick in nature (even within a vector species) is infected. Depending on the
disease and area of the country, the presence of an infected tick can be like a needle
in a haystack.

Arthropods capable of transmitting disease organisms to vertebrate hosts are
called vectors (2). For example, mosquitoes in the genus Anopheles are vectors of
malaria organisms. Interestingly, no other mosquitoes are able to acquire and trans-
mit the parasites. Other mosquitoes certainly feed on diseased humans but fail to
become infected. Myriad factors affect the ability of arthropods to acquire, main-
tain, and ultimately, transmit pathogens. An understanding of arthropod—pathogen
interactions is crucial to preventing and/or managing vector-borne diseases. First, a
distinction must be made between mechanical and biological transmission and their
various modes (Table 2.1).

2.1.1 Mechanical Transmission

Mechanical transmission of disease agents occurs when arthropods physically carry
pathogens from one place or host to another host — often via body parts. For exam-
ple, flies and cockroaches have numerous hairs, spines, and setae on their bodies that
collect contaminants as the insects feed on dead animals or excrement (Fig. 2.1).
When they subsequently walk on food or food preparation surfaces, mechanical
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Table 2.1 Modes of pathogen/parasite transmission®

Mode of transmission Example
Mechanical transmission Pathogens on cockroach bodyparts
Biological transmission
Transmission by eating vector Fleas: dog tapeworm
Transmission during/after bloodsucking
Proliferation in gut and transmission in feces Kissing bugs: Chagas’ disease
Proliferation in gut and transmission by bite Fleas: plague
Penetration of gut and transmission by bite Mosquitoes: malaria

*Adapted from Lane and Crosskey (6)

Fig. 2.1 Example of mechanical transmission of disease agents (CDC figure)

transmission occurs (3-5). Mechanical transmission may also occur if a blood-
feeding arthropod has its feeding event disrupted. For example, if a mosquito feeds
briefly on a viremic bird and is interrupted, a subsequent immediate feeding on a
second bird could result in virus transmission. This would be similar to an acciden-
tal needle stick. The main point about mechanical transmission is that the pathogen
undergoes no development (cyclical changes in form and so forth) and no signifi-
cant multiplication. It is just there for the ride.

2.1.2 Biological Transmission

In biological transmission, there is either multiplication or development of the
pathogen in the arthropod, or both (6, 7). Table 2.2 provides a detailed list of many
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Table 2.2 Arthropod-borne or caused human illnesses
Disease Pathogen Type Primary vector Common name
Yellow fever Flavivirus Virus Aedes aegypti, Yellow fever
A. africanus mosquito
Dengue fever Flavivirus Virus Aedes aegypti Yellow fever
mosquito
Malaria Plasmodium spp. Protozoan  Anopheles spp. Mosquito
Filariasis Wucheria bancrofti Nematode  Anopheles and Mosquito
Culex spp.
Rift Valley fever Phlebovirus Virus Culex spp. Mosquito
West Nile Virus  Flavivirus Virus Culex pipiens, Northern/southern
C. quinquefas- house mosquito
ciatus
St. Louis Flavivirus Virus Culex pipiens, Northern/southern
encephalitis C. quinquefas- house mosquito
ciatus
Eastern equine Flavivirus Virus Culiseta melanura  Mosquito
encephalitis
LaCrosse Bunyavirus Virus Ochlerotatus trise- Tree-hole
encephalitis riatus mosquito
African sleeping  Trypanosoma brucei  Protozoan  Glossina spp. Tsetse fly
sickness gambiense, T. bru-
cei rhodiense
Epidemic Borrelia recurrentis ~ Spirochete  Pediculus humanus Body louse
relapsing fever
Epidemic typhus Rickettsia prowazekii  Rickettsia  Pediculus humanus Body louse
Trench fever Bartonella quintana ~ Bacterium  Pediculus humanus Body louse
Leishmaniasis Leishmania donovani, Protozoan  Phlebotomus, Sand fly
L. braziliensis Lutzomyia spp.
Sand fly fever Phlebovirus Virus Phlebotomus Sand fly
Onchocerciasis Onchocerca volvulus  Nematode — Simulium spp. Black fly
“river
blindness”
Endemic (murine) Rickettsia typhi Rickettsia  Xenopsylla cheopis Rat flea
typhus
Plague Yersinia pestis Bacterium  Xenopsylla cheopis Rat flea
Tularemia Francisella tularensis Bacterium  Chrysops discalis, Deer fly, Tick
Dermacentor
variabilis,
D. andersoni
Cutaneous anthrax Anthracis bacillus Bacterium  Chrysops spp. Deer fly
Loa loa Loa loa Nematode  Chrysops silacea,  Deer fly, mango
C. dimidiata fly
Chagas disease  Trypanosoma cruzi Protozoan  Triatoma spp. Kissing bug
Tick-borne relaps- Borrelia spp. Spirochete  Ornithodoros turi-  Soft tick
ing fever cata, O. hermsii,
O. parkeri
Babesiosis Babesia microti Protozoa Ixodes scapularis  Black-legged tick
Colorado tick Reovirus Virus Dermacentor Rocky Mountain
fever andersoni wood tick
Ehrlichiosis — Ehrlichia chaffeen- Bacterium  Amblyoma ameri-  Lone star tick,
HME, HGA sis, E. ewingii, canum, Ixodes black-legged

Anaplasma phago-

cytophilum

scapularis,
Dermacentor
variabilis

tick, American
dog tick

(continued)
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Table 2.2 (continued)

2 Dynamics of Arthropod-Borne Diseases

Disease

Pathogen

Primary vector

Common name

Lyme disease Borrelia burgdorferi ~ Spirochete  Ixodes scapularis, Black-legged tick
L pacificus
Q fever Coxiella burnettii Rickettsia ~ Many tick species  Hard tick
Rocky Mountain- Rickettsia rickettsi Rickettsia ~ Dermacentor Rocky Mountain
spotted fever andersoni, wood tick,
D. variabilis, American dog
Amblyoma tick, Cayenne
cajennense tick
Tick-borne Togavirus Virus Ixodes spp. Hard tick
encephalitis
Rickettsial pox Rickettsia akari Rickettsia  Liponyssoides san- Mite
guineus
Scabies - - Sarcoptes scabiei  Mite
Scrub typhus Orientia tsutsu Rickettsia  Leptotrombidium — Mite

gamushi

Spp.

of these vector-borne pathogens. Biological transmission may be classified into
three types. In cyclodevelopmental transmission, the pathogen must undergo a
cycle of development within the arthropod vector, but no multiplication. For example,
the filarial worm causing Bancroftian filariasis, when first ingested by mosquitoes,
is not infective to a vertebrate host — it must undergo a period of development.
Propagative transmission means the pathogen must multiply before transmission
can occur. There is no cyclical change or development of the organism — plague
bacteria in fleas, for example. Finally, in cyclopropagative transmission, the patho-
gen must undergo both cyclical changes and multiplication. The classical example
of this is malaria plasmodia in Anopheles mosquitoes.

Biological transmission reflects an evolutionary adaptation of the parasite into
a cyclic event between vertebrate host and arthropod vector. This involves several
factors, including the arthropod feeding on the right host, feeding in such a way
(or time) that the parasites, circulating in the peripheral blood of the host animal,
are ingested, and a mechanism for getting into a new host — often by penetrating
the gut wall of the arthropod and subsequently migrating to a site for reinjection.
All of this becomes a fine-tuned system operating efficiently for countless
generations.

Take plague as an example of the complex interplay of factors affecting disease
transmission (2). Yersinia pestis, the causative agent, is essentially a disease of
rodents that occasionally spills over into the human population (Fig. 2.2). The
enzootic cycle (established, ongoing among animals) is primarily mechanical, with
the rodent hosts being relatively resistant. In the epizootic cycle (occasional out-
breaks or epidemics), susceptible rodent populations become infected, resulting in
mass die-offs. Fleas on epizootic hosts become heavily infected with bacilli and
regurgitate into feeding wounds. There may also be other modes of transmission
during epizootics, such as cats eating infected rodents, becoming pneumonic, and
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directly infecting humans by coughing. Obviously, the worst-case transmission
scenario is development of primary pneumonic plague in humans (transmission by
coughing), resulting in tremendous case numbers.

Since vector-borne diseases are dynamic and quite complicated, basic research
into arthropod vectorial capacity is of great importance. Here basic research tre-
mendously aids the medical community. By identifying animal hosts and which
arthropod species are “competent” vectors (see Vector Competence) and targeting
control measures toward those species, disease transmission can be interrupted,
leading to abatement of the epidemic. Interruption of the transmission cycle is
especially important for viral diseases (mosquito-borne encephalitis, for example),
which have no specific treatments. I personally have been involved in eastern
equine encephalitis outbreaks where the only hope of stopping the appearance of
new cases was to identify the vector species in the area and direct specific mosquito
control measures toward them.

2.2 Vector Competence

Vector competence refers to the ability of arthropods to acquire, maintain, and
transmit microbial agents (1). As mentioned, not all arthropods are vectors of dis-
ease agents. Even blood-feeding arthropods are not always vectors. Insects, ticks,
or mites may “pick up” a pathogen with their blood meal, but the pathogen must
overcome many obstacles before being transmitted to another host. In many cases,
the gut wall must be bypassed, the pathogen must survive (and even develop) in
arthropod tissues, such as hemolymph, muscles, or the reproductive system, and
finally, must penetrate the salivary glands for injection into a new host. Note: in
some cases, transmission occurs without the pathogen making its way into the sali-
vary glands (see Table 2.1). In the meantime, the arthropod itself must live long
enough for all of this multiplication/movement/development to take place. An ideal
vector then would be one providing a suitable internal environment for the patho-
gen, be long-lived, have a host feeding pattern matching the host range of the patho-
gen, feed often and for extended periods, ingest large amounts of blood in each life
stage, and disperse readily (2). Of course, no arthropod possesses all these charac-
teristics, but some have varying degrees of them. In a specific region or season,
there are primary vectors, which are the main arthropods involved in the transmis-
sion cycle of a given disease, and secondary vectors, which play a supplementary
role in transmission, but would be unable to maintain the disease in the absence of
primary vectors (7).

Both intrinsic and extrinsic factors affect vector competence. Intrinsic factors
include internal physiological factors and innate behavioral traits governing
infection of a vector and its ability to transmit an agent — things like duration of
feeding, host preferences, whether or not there is transovarial transmission, and
so forth. Extrinsic factors include number of host animals, their activity patterns,
climatic conditions, genetic variation in the infectivity of the pathogen, and so on.
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Competition between microorganisms inside a vector may also affect vector com-
petence. This has often been referred to as the “interference phenomenon” (1, 7, 8).
A good example occurs in ticks. Burgdorfer et al. (9) reported that the tick
Dermacentor andersoni from the east side of the Bitterroot Valley in western
Montana contained a nonpathogenic spotted fever group (SFG) rickettsia, which
they named the East Side agent. East Side agent was ultimately described as a new
species, Rickettsia peacocki (10). This rickettsia, closely related to the causative
agent of Rocky Mountain spotted fever (RMSF), Rickettsia rickettsii, is rarely
present in tick blood (hemolymph), and is readily missed by the standard tick test-
ing method — the hemolymph test. The rickettsiae are confined primarily to portions
of the ticks midgut and, most importantly, the ovaries. R. peacockii is maintained
in the tick population through transovarial transmission and infected ticks are
refractory to ovarian infection with R. rickettsii. However, these ticks are suscepti-
ble to experimental infection with R. rickettsii and may transmit the infection hori-
zontally (stage to stage). Thus, ticks infected with R. peacockii and infected
experimentally with R. rickettsii are unable to transmit R. rickettsii to their progeny.
In effect, infection of the tick, D. andersoni, with R. peacocki blocks the subsequent
ability of the ticks to transmit R. rickettsii transovarially. Other experiments have
also demonstrated that tick ovarial infection with one rickettsial species precludes
secondary infection with other rickettsiae (11). This “interference phenomenon”
provides an explanation for the curious long-standing disease situation in the
Bitterroot Valley. Most cases of RMSF have occurred on the west side of the valley
where D. andersoni is abundant; on the east side, D. andersoni is also abundant and
is reported to bite local residents, yet few locally acquired cases occur there. With
R. peacockii in the area, R. rickettsii cannot be maintained transovarially — it can
only be maintained transstadially. Thus, long-term maintenance cannot be sus-
tained. Burgdorfer et al. (9) say that transovarial interference of R. rickettsii in
D. andersoni ticks may also be mediated by other nonpathogenic SFG rickettsia,
such as Rickettsia montana and Rickettsia rhipicephali. Most ticks in nature
infected with rickettsial organisms harbor nonpathogenic species. Thus, transo-
varial interference may have epidemiologic significance — it may explain why ticks
collected from various geographic regions are not infected with two or more species
of SFG rickettsiae (8).

2.2.1 Incrimination of Vectors: A Complicated Issue

To illustrate the difficulty in incriminating vectors of a specific disease, the follow-
ing discussion on malaria in the western United States is provided as an example.
Much of this discussion is from McHugh (12), Porter and Collins (13), and Jensen
et al. (14).

Concerning malaria in the western United States, we must first consider what
criteria the mosquito must fulfill to be proven to be the primary, or at least an
important, vector of the human malaria parasites:
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It must be a competent vector of the parasites.

Its geographic distribution must match the transmission pattern.

It must be abundant.

It must be anthropophilic.

It must be long lived.

Field collections should demonstrate a measurable proportion of the mosquito.
Population infected (usually about 1%).

Anopheles freeborni (sensu latu) is certainly well known through laboratory
transmission studies as a competent vector of a number of Plasmodium species
including Plasmodium falciparum from Panama and Zaire, Plasmodium vivax from
Vietnam, and Plasmodium malariae from Uganda to name a few. Does this mean
An. freeborni is a vector of those malarial parasites in those areas? Of course not,
the mosquito does not occur there. That is, it does not fulfill the second criterion.

What about An. freeborni in the western United States? Because this species is a
competent vector, is widely distributed, and is often abundant, it is frequently cited
as the most likely suspect vector. However, it turns out that An. freeborni is a catholic
feeder and not particularly anthropophilic. Several studies in California found only
1-3% of several thousand field-caught females had fed on humans. Longevity stud-
ies of this species indicated a daily survivorship of about 0.72-0.74 for female
An. freeborni. Based on this estimate, an initial infected bloodmeal on day 3 post
emergence, and an extrinsic incubation period of about 12d, the probability of a
female living long enough to be infective would be on the order of 0.0072 or less.

What about the last criterion — finding infected mosquitoes in field collections?
There have been only a very limited number of isolations of any human malaria
parasite from any species of Anopheles collected in the western United States.
Dr. Bill Reeves at UC Berkeley gave an anecdotal report of oocysts on the gut of
An. freeborni collected in California during the mid-1940s, and he also reported
infected An. freeborni from New Mexico at that same time. However, as will be
discussed below, changes in nomenclature and our understanding of mosquito sys-
tematics, not to mention the failure to provide a specific determination of the para-
sites involved, make it impossible to ascribe much significance to these reports.

Considering these data, particularly host selection (i.e., low rate of human feed-
ings) and survivorship (i.e., low), An. freeborni may be overrated as a potential
vector. Perhaps another species may be responsible — such as Anopheles punctipennis.
If one visits a number of locations where autochthonus cases of malaria have
occurred in California, he or she will be struck by the fact that most cases were
acquired in riparian settings. This habitat is more typical of An. punctipennis. It
turns out that Gray back in the 1950s published several insightful reviews drawing
the same conclusion (15, 16). Gray reported that An. punctipennis was actually
more common than An. freeborni at the site of the famous Lake Vera outbreak of
malaria in the early 1950s and was the probable vector. Recent evidence supports
his claim (14).

There remain two problems in understanding the confusing epidemiology of
malaria in California, and, perhaps, the rest of the United States. Anthropogenic
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changes in the local ecology — damming and channeling rivers, introduction of the
rice culture, destruction of riparian habitat, and so forth — have dramatically altered
the landscape over the past 100 years. Thus, the mosquito species responsible for
transmission may have changed over time. Second, the eastern U.S. malaria vector,
Anopheles quadrimaculatus, is actually a complex of several sibling species.
Researchers at the USDA-ARS lab in Gainesville, FL, helped determine that
An. quadrimaculatus (a vector in the eastern United States) is a complex of at least
five identical-looking species. This may be the case with An. freeborni in the West.
The late Ralph Barr and coworkers determined that what appeared to be An. free-
borni collected in several sites of malarial transmission in southern California were,
in fact, a new species that they named in honor of W. B. herms (Anopheles hermsi).
Therefore, it may be that earlier workers who suspected An. freeborni were correct
to the extent that their technology (i.e., morphologic identifications) was capable of
identifying the insects involved. Without access to mosquitoes collected in the past,
especially those from early studies in which mosquitoes were still lumped as
Anopheles maculipennis, it will be very difficult to determine what species were
actually being studied. (As an aside, it would be very interesting to study extant
laboratory colonies of “An. freeborni” and determine exactly which species are
really being maintained and studied.)

We can draw two conclusions. First, the epidemiology/ecology of malaria is
dynamic and may have changed over time, but the most likely vectors in the west-
ern United States at the present time are An. hermsi, An. freeborni, or An. puncti-
pennis, with other species involved if conditions are appropriate. Second, to
incriminate a specific vector, we must carefully consider the ecology of malarious
foci and weigh all the factors that make an arthropod a good vector, not just focus-
ing in on one or two.
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Chapter 3
Mosquito-Borne Diseases

3.1 Basic Mosquito Biology

Taxonomic note: This author accepts changes in nomenclature proposed by
Reinert (1), and therefore uses Ochlerotatus as the genus for certain included spe-
cies, although earlier authors cited in this chapter may have included them in the
genus Aedes.

Mosquitoes are flies, and thus, undergo complete metamorphosis, having egg,
larval, pupal, and adult stages (Fig. 3.1). Larvae are commonly referred to as wig-
glers and pupae as tumblers. Larvae and pupae of mosquitoes are always found in
water. Breeding sites may be anything from water in discarded automobile tires to
water in the axils of plants, to children’s toys, pools, puddles, swamps, and lakes.
Mosquito species differ in their breeding habits, biting behavior, flight range, and
so forth (Fig. 3.2). However, a generalized description of their life cycle is pre-
sented here as a basis for understanding mosquito biology and ecology. There are
two subfamilies in the mosquito family (Culicidae) — Anophelinae, and Culicinae.
Members of one tribe, Toxorhynchitini, in the Culicinae, are huge, non-bloodsucking
mosquitoes whose larvae eat mosquito larvae of other species. The larvae have a
breathing tube (siphon), but it is short and conical. Most larvae in the subfamily
Culicinae hang down just under the water surface by the siphon, whereas anophe-
line larvae lie horizontally just beneath the water surface supported by small
notched organs of the thorax and clusters of float hairs along the abdomen (Fig.
3.3). They have no prominent siphon. Mosquito larvae feed on suspended particles
in the water as well as microorganisms. They undergo four molts (each instar suc-
cessively larger), the last of which results in the pupal stage. With optimal food and
temperature, the time required for larval development can be as short as 4d.

Unlike most insect pupae, mosquito pupae are quite active and quickly swim
(tumble) toward the bottom of their water source on disturbance. Pupae do not feed.
They give rise to adult mosquitoes in 2—4d. The emergence process begins with
splitting of the pupal skin along the back. Upon eclosion, an adult must dry its
wings and groom its head appendages before flying away (Fig. 3.4). Accordingly,
this is a critical stage in the survival of mosquitoes. If there is too much wind or
wave action, the emerging adult will fall over, becoming trapped on the water
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Life stages of Culex quinquefasciatus
Say, the southern house mosquito.

A. egg raft and single egg
B. second insiar larva

C. fourth instar larva
D. pupa

a

Fig. 3.1 Life stages of a mosquito (from the Mississippi State University Extension Service, by
Joe McGowan, with permission)

Anopheles

Aedes Culex

Fig. 3.2 Adult mosquitoes assume various positions, depending on the particular genus (from
E. Boles, The Mosquito Book, Mississippi Department of Health)

surface to die soon. This is the reason that little if any mosquito breeding occurs in
open water; it occurs at the water’s edge among weeds.

Adult mosquitoes of both sexes obtain nourishment for basic metabolism and
flight by feeding on nectar. In addition, females of most species need a blood meal
from birds, mammals, or other vertebrates for egg development. They suck blood via
specialized piercing-sucking mouthparts (Fig. 3.5). Breeding sites selected for egg
laying differ by species, but generally mosquitoes can be divided into three major
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Anopheles

Fig. 3.3 Culex and Aedes mosquitoes breathe via a siphon tube, whereas Anopheles mosquitoes
do not (from E. Boles, The Mosquito Book, Mississippi Department of Health)

Fig. 3.4 Adult mosquitoes emerging from pupal stage — a critical stage in development (from
E. Boles, The Mosquito Book, Mississippi Department of Health)

groups: permanent water breeders, floodwater breeders, and artificial container/tree
hole breeders. Anopheles and many Culex mosquitoes select permanent water bodies,
such as swamps, ponds, lakes, and ditches, that do not usually dry up. Floodwater
mosquitoes lay eggs on the ground in low areas subject to repeated flooding. During
heavy rains, water collecting in these low areas covers the eggs, which hatch from
within minutes to a few hours. Salt marsh mosquitoes (Ochlerotatus sollicitans),
inland floodwater mosquitoes (Aedes vexans), and dark rice field mosquitoes
(Psorophora columbiae) are included in this group. Artificial container/tree hole
breeders are represented by yellow fever mosquitoes (Aedes aegypti), Asian tiger
mosquitoes (Aedes albopictus), tree hole mosquitoes (Ochlerotatus triseriatus), and
others. However, several species of Anopheles and Culex may also occasionally
oviposit in these areas. Some of these container-breeding species lay eggs on the
walls of a container just above the water line. The eggs are flooded when rainfall
raises the water level. Other species oviposit directly on the water surface.

Female Anopheles mosquitoes generally lay eggs on the surface of the water at
night. Each batch usually contains 100-150 eggs. Each Anopheles egg is cigar-
shaped, about 1 mm long, and bears a pair of air-filled floats on the sides. Under
favorable conditions, hatching occurs within 1 or 2d. Anopheles mosquitoes may
occur in extremely high numbers. In the Mississippi Delta, mosquito trapping has
yielded as many as 9,000 Anopheles quadrimaculatus/trap/night!
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Fig. 3.5 Head and mouthparts, with a cross section of proboscis, of female mosquito (from
USDA technical bulletin, No. 1447)

Aedes and Ochlerotatus mosquitoes lay their eggs on moist ground around the
edge of the water or, as previously mentioned, on the inside walls of artificial
containers just above the water line. Aedes/Ochlerotatus eggs will desiccate and
perish easily when first laid. However, after embryo development with each egg,
the eggs can withstand dry conditions for long periods of time. This trait has
allowed Aedes/Ochlerotatus mosquitoes to use temporary water bodies for breed-
ing, such as artificial containers, periodically flooded salt marshes or fields, tree
holes, and storm water pools. Also, Aedes/Ochlerotatus mosquitoes have inadvert-
ently been carried to many parts of the world as dry eggs in tires, water cans, or
other containers. The Asian tiger mosquito (Ae. albopictus) was introduced into
the United States in the 1980s in shipments of used truck tire casings imported
from Taiwan and Japan. Once these tires were stacked outside and began to collect
rainwater, the eggs hatched.

Salt marsh mosquitoes, such as Ochlerotatus taeniorhynchus and Oc. sollic-
itans, breed in salt marsh pools flooded by tides and/or rain and periodically
emerge in great swarms, making outdoor activity in large areas of seacoast unbear-
able. Their flight range is between 5 and 10 miles, but they can travel 40 miles or
more. Psorophora mosquitoes also lay dry-resistant eggs. These mosquitoes are a
major problem species in rice fields. Eggs are laid on the soil and hatch once the
rice field is irrigated. Psorophora mosquitoes may also emerge in huge swarms.
In 1932, Psorophora columbiae is reported to have caused a great loss of livestock
in the Everglades and the milk supply was greatly reduced during the 4d of the
infestation (2).
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Culex mosquitoes lay batches of eggs attached together to form little floating
rafts. On close inspection of a suitable breeding site, these egg rafts can often be
seen floating on the water’s surface. Where breeding conditions are favorable,
Culex mosquitoes also occur in enormous numbers. Several Culex species are noto-
rious for their aggravating high-pitched hum when flying about the ears.

In tropical areas, mosquito breeding may continue year round, but in temperate
climates, many species undergo a diapause in which the adults enter a dormant state
similar to hibernation. In preparation for this, females become reluctant to feed,
cease ovarian development, and develop fat body. In addition, they may seek a
protected place to pass the approaching winter. Some species, instead of passing the
winter as hibernating adults, produce dormant eggs or larvae that can survive the
harsh effects of winter.

Mosquitoes vary in their biting patterns. Most species are nocturnal in activ-
ity, biting mainly in the early evening. However, some species, especially Ae.
aegypti and Ae. albopictus, bite in broad daylight (although there may be a peak
of biting very early and late in the day). Others, such as salt marsh species and
many members of the genus Psorophora do not ordinarily bite during the day,
but will attack if disturbed (such as walking through high grass harboring resting
adults).

3.2 Malaria

3.2.1 Introduction

Malaria is one of the most serious human diseases in the world. More people have
probably died from malaria than from any other infectious disease in human his-
tory. Published estimates of the annual number of clinical cases range from 300 to
500 million, with several million deaths — mainly in children (3). Malaria generally
occurs in areas of the world between 45°N and 40°S latitude. Although many coun-
tries are not entirely malarious, the WHO estimates that about 2.6 billion persons
— that is more than 40% of the world’s population — live in malarious areas (3). The
geographic distribution of malaria has shrunk over the last 150yr, mainly from
eradication efforts in temperate zones (Figs. 3.6 and 3.7). However, it is fairly easy
to eradicate the disease at the fringes of its geographic distribution and/or island
locations. Although indigenous malaria disappeared from the US in the 1950s,
there have been several episodes of introduced malaria and subsequent autoch-
thonous cases in this country over the last two decades. Introduced malaria occurs
when local people are infected as a result of imported cases (travelers, and so forth)
or people having relapses from former cases. Overall, the malaria situation is likely
worse worldwide, because mosquito vectors are becoming resistant to many of the
pesticides being used to control them, and in many areas the malaria parasites are
resistant to the prophylactic drugs used to prevent the disease. In addition, civil
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strife and large-scale refugee movements are widespread in sub-Saharan Africa,
and there is increased travel by nonimmune expatriates.

3.2.2 The Disease and Its Diagnosis

Classic malaria includes such symptoms as fever, chills, sweats, headache, muscle
pain, and malaise. There may be a repeating cycle of high fever and sweating.
Infants may display only lethargy, irritability, and anorexia. In rare forms of falci-
parum malaria (e.g., cerebral malaria), chills and fever may be absent, and the
patient may present with medical shock, delirium, or coma (4, 5). Falciparum
malaria may also produce complications, such as renal failure, hemolytic anemia,
hypoglycemia, and acute pulmonary edema.

Diagnosis of malaria is frequently based on clinical presentation. Definitive
“gold standard” diagnosis of malaria depends on identifying parasites in the
blood. Both thick and thin smears need to be carefully examined by lab or para-
sitology personnel. It must be noted that a patient can be very sick and yet dem-
onstrate very few parasites in blood smears. Repeated thick blood smears may
be necessary every 2—-6h before the parasites are found. Rapid diagnostic tests
(RDT’s) for malaria are gaining increased use and acceptance worldwide and are
very useful in field studies and in remote tropical locations. These immunochro-
matographic tests are based on the capture of parasite antigens from peripheral
blood. Recently, the U.S. Food and Drug Adminstration approved the first RDT
for use in the United States. This RDT is approved for use by hospitals and com-
mercial laboratories, but not by individual clinicians or the patients
themselves.

3.2.3 The Causative Agent and Life Cycle

Human malaria is caused by any one of four species of microscopic protozoan para-
sites in the genus Plasmodium — Plasmodium vivax, Plasmodium malariae,
Plasmodium ovale, and Plasmodium falciparum. The infective sporozoites are
transmitted to humans only by mosquitoes in the genus Anopheles. However, not
every species of Anopheles is a vector; less than half of the more than 400 known
species are considered vectors. In fact, only 45-50 species are important vectors.
Not all species of Plasmodium occur in all places. Generally, P. vivax is prevalent
throughout all malarious areas, except sub-Saharan Africa; P. ovale is found chiefly
in tropical areas of western Africa (occasionally western Pacific and southeast Asia);
P. malariae is widely distributed around the world, but often spotty; P. falciparum
predominates in sub-Saharan Africa, but is also common in southeast Asia and
South America.
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The malaria parasite life cycle is quite complicated and fraught with technical
terms (Fig. 3.8). Only a brief summary will be presented here. Sporozoties injected
during mosquito biting infect liver cells. After a time of growth, development, and
division, merozoites are released from the liver into the bloodstream. There the
parasites invade human red blood cells, where they grow and multiply asexually.
After 48—72h, the red blood cells burst, releasing large numbers of new parasites,
most of which enter new red blood cells (this reinitiates the cycle). Other than these
asexual forms, some of the parasites develop into sexual forms — male and female
gametocytes. If a susceptible feeding Anopheles mosquito draws up gametocytes
with its blood meal, fertilization takes place in the stomach. The resulting zygote
penetrates the mosquito gut wall and forms an oocyst on the basement membrane
of the gut. Eventually, oocysts rupture, releasing sporozoites inside the mosquito
body cavity. After migration to the salivary glands, the mosquito is infective. The
entire developmental time within the mosquito is 8-35d.

3.2.4 Mosquito Vectors and Behavior

As discussed in Chap. 2, biological transmission of any disease agent reflects an
evolutionary adaptation of the parasite into a cyclic event between vertebrate host
and arthropod vector. This involves several things, including the mosquito feeding
on the right host, feeding in such a way (or time) that the parasites, circulating in
the blood of the host animal, are ingested, and a mechanism for penetrating the gut
wall of the mosquito and subsequently migrating to the salivary glands for reinjec-
tion into another host. All of this becomes a fine-tuned system that operates effi-
ciently for countless generations. A highly efficient mosquito vector of malaria is
one that is highly susceptible to the full development of the parasite (Plasmodium),
prefers to feed on humans, and lives for a relatively long time (3).

Some notable malaria vectors worldwide are as follows: Several members of the
Anopheles gambiae complex (consisting of seven almost identical species) are the
most efficient malaria transmitters in Africa (Figs. 3.9 and 3.10). They often breed
in freshwater exposed to sunlight. Anopheles darlingi is one of the major contribu-
tors to endemic malaria in extreme southern Mexico and Central and South
America (Figs. 3.11 and 3.12). It breeds in shaded areas of fresh-water marshes,
swamps, lagoons, lakes, and ponds. The Anopheles leucosphyrus group (containing
at least 20 closely related species) contains several main vectors of malaria in
southeast Asia (Figs. 3.13 and 3.14). They mostly breed in freshwater pools in and
among rocks, in hoofprints, vehicle ruts, and the like.

It is believed that there are at least four malaria vectors in the United States —
Anopheles freeborni (West), An. hermsi (a recently described species in the West),
An. punctipennis (West), and An. quadrimaculatus (East) (see the discussion in
Chap. 2, “Vector Competence,” about these species in relation to malaria). An.
quadrimaculatus is a complex of five identical looking species. Other species may
also be involved in malaria transmission in the United States, but are considered
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Fig. 3.10 Approximate geographic distribution of the A. gambiae complex

vectors of minor importance (6). All four of the main vector species breed in per-
manent freshwater sites, such as ponds, pools, and rice fields, and are avid human
biters. Accordingly, there is always the possibility of reintroduction of the malaria
parasite into the United States and resumption of indigenously acquired cases.
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Fig. 3.11 Adult female A. darlingi

Fig. 3.12 Approximate geographic distribution of A. darlingi



3.2 Malaria

Fig. 3.13 Adult female A. leucosphyrus
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Fig. 3.14 Approximate geographic distribution of A. leucosphyrus
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3.2.5 Malaria Treatment and Control

3.2.5.1 Prevention and Vector Control

Current malaria control programs are generally based on three primary interven-
tions (7):

1. Proper diagnosis and prompt treatment of human cases using artemisin-based
combination therapies (ACT) (see below).

2. Wide-scale distribution and use of insecticide-treated bed nets

3. Indoor residual spraying with insecticides to reduce vector populations. There is
even considerable interest currently in using DDT as an indoor residual spray (8).

Certainly, protective clothing, insect repellents, and nets for camping (Fig. 3.15)
may also reduce mosquito biting (see discussion in Sect. 3.3.2. for more informa-
tion on insect repellents). Bed nets impregnated with insecticide are even more
effective. Since Anopheles mosquitoes mostly bite at night, use of bed netting
(properly employed) alone can significantly reduce risk of infection. Local vector
control activities can also reduce malaria case numbers. This includes ultra-low-
volume insecticide fogging, usually by truck-mounted machines, to kill adult
mosquitoes outdoors, larvaciding to kill immature mosquitoes, and elimination of
mosquito breeding habitats. Unfortunately, in countries with the worst malaria
problems, financial resources are often unavailable for mosquito control.

3.2.5.2 Malaria Vaccine

Ever since 1910, major efforts have been directed toward producing a malaria vac-
cine. There are obviously several points in the complex malaria life cycle where

Fig. 3.15 Bed netting is effective in preventing mosquito bites (photo courtesy of Joseph
D. Goddard)
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immunological interference with the multiplication of plasmodia could be
attempted. Although many experimental vaccines have been developed and stud-
ied, no practical vaccine has yet been produced. However, there is still hope that an
effective vaccine will be developed since progress has been substantial over the
past several years. At least thirty-five candidate malaria vaccines are in develop-
ment, many of which are in clinical trials (9). Development of a malaria vaccine
has been stymied by several factors. For one thing, the persons at greatest risk of
complications and death are young children, and most researchers expect that the
initial immune responses elicited by a vaccine will be suboptimal. Second, even if
a vaccine produces a vigorous humoral and cellular response, it does not necessar-
ily provide sterile immunity. Even in naturally acquired infections, antibodies
directed against the dominant antigen on the sporozoite surface do not prevent
reinfection with sporozoites bearing the same dominant repetitive antigen. Third,
for traditional vaccines, there is an inadequate number of adjuvants available for
human use. For example, aluminum hydroxide is about the only adjuvant approved
for human use. If other antigen—adjuvant combinations can be identified, which
provide boosting with the re-exposures that occur repetitively with natural reinfec-
tion under field conditions, then there is long-term promise for malaria control
through vaccines.

3.2.5.3 Antimalarial Drugs

Drugs are primarily used for malaria control in two ways — prevention of clinical
malaria (prophylaxis) and treatment of acute cases. Antimalarial drugs include chlo-
roquine, amodiaquine, pyrimethamine, sulfonamides, quinine, quinidine, tetracy-
clines, mefloquine, and artemisinin (usually in combination with other antimalarials).
Because of increased parasite resistance to antimalarial drugs, treatment regimes
have become quite complicated and vary tremendously by geographic region. In
addition to the problem of resistance, serious side effects may occur with the use of
some antimalarial products. Perhaps the most promising of antimalarial treatments
is artemisinin-based combination therapy (ACT) for countering the spread and intensity
of Plasmodium falciparum resistance to chloroquine, sulfadoxine/pyrimethamine,
and other malarial drugs (9). Health care providers should contact their local or state
health department, the CDC, or the preventive medicine department at a local medi-
cal school for the most up-to-date malaria treatment recommendations.

3.3 Mosquito-Transmitted Encephalitis Viruses
3.3.1 Introduction and General Comments

There are numerous mosquito-borne viruses in the world. In the United States, the
most common ones are encephalitis viruses (Table 3.1). Generally, these viruses
are zoonoses that circulate among small mammals or birds with various mosquitoes
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Table 3.1 Characteristics of some encephalitis viruses in the United States

Disease Where occurs Mosquitoes Mortality

St. Louis Encephalitis Most of United States, Culex quinquefasciatus, Cx. 3-20%
(SLE) parts of Canada tarsalis, Cx. nigripalpus

West Nile Virus Africa, Asia, Europe, Primarily Culex mosquitoes, 4-16%
(WNV) North America especially Cx.

quinquefasciatus
and Cx. pipiens

Eastern Equine Eastern and North-Central ~Culiseta melanura (enzootic) 30-60%
Encephalitis United States, most Ochlerotatus sollicitans
(EEE) common along Atlantic (epidemic), Coquillettidia
and Gulf Coasts perturbans, others
Western Equine Western and Central Cx. tarsalis 2-5%
Encephalitis United States, Canada
(WEE)
La Crosse (LAC) Midwestern and Ochlerotatus triseriatus (others) 1%
Southeastern United
States
Venezuelan Equine Occasionally extreme Psorphora columbiae (others) 1%
Encephalitis southern United States
(VEE) (mostly Central and

South America)

serving as vectors. Humans may become involved when conditions favor increased
virus activity or geographic coverage. These outbreaks may be cyclical. For exam-
ple, there is a ~10-yr cycle of St. Louis encephalitis. There was outbreak in the New
Jersey — Pennsylvania region in 1964, and another much larger outbreak in the
Mississippi River Valley area in the mid-1970s (2). Certainly not all cases of
encephalitis are mosquito-caused (enteroviruses and other agents are often
involved), but mosquito-borne encephalitis has the potential to become a serious
cause of morbidity and mortality covering widespread geographic areas of the
United States each year.

3.3.2 Eastern Equine Encephalitis (EEE)

3.3.2.1 The Disease

Of the all North American mosquito-borne encephalitis viruses, the one causing
EEE is the worst. EEE is a severe disease of horses and humans having a mortal-
ity rate of 30-60%; there are also frequent neurological sequelae. Although
some cases may be asymptomatic, most are characterized by acute onset of
headache, high fever, meningeal signs, stupor, disorientation, coma, spasticity,
tremors, and convulsions (2, 10). The disease is especially severe in children.
I helped investigate a fatal case in an 11-yr-old boy who exhibited headache,
anorexia, and excessive sleepiness on the day of hospital admission. Later, he
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developed nausea and fever, and started grand mal seizure activity. At day three,
respirations became irregular, and he eventually showed no signs of brainstem
function (11).

3.3.2.2 Ecology of EEE

EEE occurs in the central and northcentral United States, and especially along the
Atlantic and Gulf Coasts (cases can occasionally occur several hundred miles
inland; see Fig. 3.16) (12). Its appearance is seasonal; in the southernmost areas
of the virus range, human cases may occur year-round, but are concentrated
between May and August. EEE virus is sustained in freshwater swamps in a cycle
involving birds and mosquitoes with the main enzootic vector being Culiseta
melanura, which rarely bites humans or horses (Fig. 3.17). Epidemics in horses
and humans occur when prevalence of the virus in bird populations becomes high
and other mosquito species become involved. These secondary or epizootic
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Fig. 3.16 Approximate geographic distribution of eastern equine and Venezuelan equine
encephalitis (adapted from WHO publication WHO/VBC/89.967)
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Epder:nic Epidemic
(wild birds) (horses and humans)

Culiseta melanura mosquitoes Aedes sollicitans
Coquillettidia perturbans
Other mosquitoes

Fig. 3.17 Life cycle of EEE (provided with permission by Infections in Medicine 1996; 13:671)

vector species include the salt marsh mosquitoes, Ochlerotatus sollicitans and
Oc. taeniorhynchus, on the coast, and the freshwater mosquito, Cogquillettidia
perturbans, inland. Other species may be involved (13).

3.3.2.3 Differential Diagnosis of EEE

Differentiation must be made from other encephalitides (postvaccinal or postin-
fection), tick-borne encephalitis (not common in the United States), rabies, non-
paralytic polio, mumps meningoencephalitis, aseptic meningitis from
enteroviruses, herpes encephalitis, various bacterial, mycoplasmal, protozoal,
leptospiral, and mycotic meningitides or encephalitides, and others (10). Any
cases of encephalitis in mid- to late summer should be suspect. Specific identifi-
cation is usually made by finding specific IgM antibody in acute serum or cere-
brospinal fluid (CSF), or antibody rises (usually HI test) between early and late
serum samples.

3.3.2.4 Control of EEE

Since there is no specific treatment available for EEE or any other mosquito-borne
encephalitis, control of the disease rests entirely on either (1) preventing transmis-
sion to humans or (2) interrupting the virus cycle in nature. Preventing transmission
involves personal protective measures against mosquito biting, such as avoiding
outdoor activity after dark, wearing long sleeves, and judicious use of repellents
such as those containing the active ingredients DEET (many popular brand names
contain this ingredient), or picaridin, or oil of lemon eucalyptus (Fig. 3.18). Caution
should be exercised in applying repellents with high DEET concentrations to
infants and children owing to absorption through the skin. Repellents do not have
to contain 100% DEET to be effective. A study in Alaska demonstrated that a 35%
DEET long-acting cream formulation applied to exposed skin provided >99% pro-
tection for more than 8h (14). Interrupting the EEE virus cycle in nature involves
spraying the area (by ground equipment or by airplane) for adult mosquito control,
as well as environmental sanitation efforts in affected communities to eliminate
mosquito breeding sites.
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Fig. 3.18 Some common mosquito repellents

Sometimes an environmental survey of the area where cases occur can lead to
further prevention recommendations. For example, in the fatal case of EEE men-
tioned above (11), the patient lived in a house without window screens. This likely
led to increased exposure to mosquitoes (and thus biting) — a risk factor for any
mosquito-borne disease. This was of interest, since we take for granted the fact that
basic sanitation and public health measures, such as screen wire windows, are
implemented. Also, a mosquito survey at the patient’s house revealed numerous
prime Coquillettidia perturbans (the suspected mosquito vector in this case) breed-
ing sites. In addition, Cq. perturbans were collected by CDC light traps in the
community at the time of survey. Accordingly, control efforts were directed toward
that particular mosquito species, thus averting new cases.

3.3.3 St. Louis Encephalitis (SLE)

3.3.3.1 The Disease

Outbreaks of SLE are sporadic and somewhat cyclical. For example, in 1933, there
were 1,095 cases of SLE with more than 200 deaths (15). About 40 yr later, another
major outbreak occurred in the Mississippi Valley region with over 2,000 cases (15).
SLE is worse in elderly patients; young people often have no clinical symptoms
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or only mild, influenza-like symptoms (note: this is just the opposite of EEE).
There is usually abrupt onset of fever, headache, and malaise. Physical exam may
only reveal elevated temperature and perhaps dehydration. Over a period of several
days to a week, other signs of central nervous system (CNS) infection may develop,
such as stiff neck, disorientation, tremulousness, unsteadiness, confusion, and even
coma. The mortality rate is 3-20%. One elderly patient I interviewed spoke of an
extreme fatigue, forcing him to bed, persisting for weeks after the infection. The
clinical features of SLE are not specific, so the illness must be differentiated from
other etiologies, such as bacterial, other viral, mycobacterial, fungal, rickettsial,
toxic, cerebrovascular, and neoplastic diseases (16). Time of year may be a clue to
recognizing SLE, since most cases occur in mid- to late summer. Clinical labora-
tory results are generally not distinctive. CSF may show a preponderance of poly-
morphonuclear cells if obtained early in the illness; a shift toward lymphocytic
pleocytosis is the rule (17). Protein in the CSF may be slightly elevated above nor-
mal during the first and second weeks of illness. Definitive diagnosis is usually
made by detection of specific IgM in acute serum or CSF.

3.3.3.2 Ecology of SLE

In the United States SLE virus circulates in nature among birds, being transmitted
by bird-biting mosquitoes in the genus Culex (Fig. 3.19). Susceptible birds
become viremic, and infect new mosquitoes feeding on them, which then, in turn,

Enzootic

Mosquito Vectors: Mosquito Vectors:

Bird-feeding Culex species Culex pipiens complex
Culex nigripalpus
Culex tarsalis

Fig. 3.19 Life cycle of St. Louis encephalitis virus (provided with permission by Infections in
Medicine 1996; 13:751)
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infect new birds. This cycle continues year to year, with no apparent effect on the
birds or mosquitoes. For various reasons — climatic factors or numbers of mos-
quitoes or birds — the virus level in nature is amplified to the point where aberrant
hosts (humans) become infected. Interestingly, times of drought may actually
enhance SLE transmission by concentrating vector mosquitoes and bird hosts
(18). There are four main mosquito vectors of SLE in the United States: Culex
tarsalis in the West, Cx. pipiens (northern) and Cx. quinquefasciatus (southern)
in the East, and Cx. nigripalpus in Florida (Fig. 3.20). Cx. tarsalis (Fig. 3.21) is
primarily a rural species that breeds in both polluted and clear water in ground
pools, grassy ditches, and artificial containers. In arid regions, it is frequently
found in canals and irrigation ditches. The Cx. pipiens complex (including north-
ern and southern forms) breeds in ditches, storm sewer catch basins, cesspools,
polluted water, and artificial containers around homes, such as cans and old tires.
Cx. nigripalpus breeds in shallow rainwater pools, semipermanent ponds, and
artificial containers.

SLE

Fig. 3.20 Approximate geographic distribution of St. Louis encephalitis (adapted from WHO
publication WHO/VBC/89.967)
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Fig. 3.21 Culex tarsalis, a principal vector of St. Louis encephalitis in the western United States
(provided with permission by Infections in Medicine 1996; 13:751)

3.3.3.3 Control of SLE

Control of SLE is basically the same as that of EEE (see Sect. 3.3.2.); except the
targeted mosquito vectors are different. Many health care workers fail to realize
the specificity of viruses and their hosts and vector mosquitoes. All of these fac-
tors (animal hosts, vector mosquitoes, and so forth) are different for the particu-
lar virus involved. Rarely do generalized recommendations or control schemes
work. For example, once I was investigating an EEE case in an adult male
patient who lived in a rural community. The health department field investigator
accompanying me proceeded to tell the local people about cleaning up around
their homes — removing cans, tires, and so on — where container-breeding spe-
cies could live. Since the primary inland vector of EEE in the area was a species
that lived in marshes containing emergent vegetation (like cattails), this health
department worker was spreading misinformation and, more importantly, was
not in any way helping to prevent new cases. Just as is the case with microbes
in which specific control depends on the species and behavior of the organism,
so it is with mosquitoes. Control measures must be targeted toward the specific
vector species involved.
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3.3.4 West Nile Encephalitis (WNYV)

West Nile virus (WNV) was first detected in the Western Hemisphere in 1999 in
New York City (19, 20). This outbreak of mosquito-borne encephalitis was origi-
nally identified as St. Louis encephalitis (SLE) because the two viruses are closely
related and cross reactions occur with some serological lab tests. Over the next 5
years, WNV spread across the continental U.S. as well as north into Canada, and
southward into the Caribbean Islands and Latin America (20). In addition to being
antigenically related, WNV and SLE have similar clinical profiles, life cycles, and
mosquito vectors (Fig. 3.22). WNV has been associated with significant human
morbidity and mortality in the U.S. since its recognition; over 23,000 cases of fever
or neuroinvasive disease have been reported to-date to the Centers for Disease
Control. As far as severity of the disease, WNV is no more dangerous than SLE
(one of our “native” encephalitis viruses).

Approximately 80% of all WNV infections are asymptomatic, ~20% cause
West Nile fever, and less than 1% cause West Nile neuroinvasive disease (21).
Like SLE, WNYV is more dangerous to older patients. Interestingly, of the first five
patients in New York City admitted to hospitals, four had severe muscle weakness
and respiratory difficulty, a finding atypical for encephalitis (22). Also, GI com-
plaints such as nausea, vomiting, or diarrhea occurred in 4 of 5 patients (22). Much
remains to be learned about the ecology of WNV in the United States, but we do
know the virus causes a bird disease, and is transmitted by mosquitoes. House
sparrows and robins have been found to be among the best amplifying hosts in
nature, producing highest viremias for the longest period of time. Although the
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Fig. 3.22 West Nile Virus life cycle (U.S. FDA figure)
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virus has been isolated from 64 U.S. mosquito species, the main vectors are
believed to be Culex pipiens, Cx. quinquefasciatus, Cx. salinarius, Cx. restuans,
and Cx. tarsalis (23-25).

3.3.4.1 Control of West Nile Encephalitis

Control of WNYV is basically the same as that of SLE, which primarily involves
finding and eliminating (or treating) breeding sites for Culex quinquefasciatus,
Cx. pipiens, and Cx. tarsalis. In addition, ULV adulticiding for mosquitoes with
truck-mounted or airplane-mounted sprayers can be useful in reducing popula-
tions of vector mosquitoes. Personal protection measures include long sleeves
and long pants when outdoors, proper screening and netting, and use of insect
repellents.

3.3.5 Other Mosquito-Borne Viruses

3.3.5.1 Western Equine Encephalitis (WEE)

WEE, transmitted mainly by Cx. tarsalis, occurs in the western and central
United States, parts of Canada, and parts of South America, and has erupted in
several large outbreaks in the past (Fig. 3.23). There were large epidemics in the
north central United States in 1941 and in the central valley of California in
1952 (2). The 1941 outbreak involved 3,000 cases. Between 1964 and 1997,
639 human WEE cases were reported to CDC, for a national average of 19
cases/yr (26). WEE is generally less severe than EEE and SLE with a mortality
rate of only 2-5%.

3.3.5.2 Lacrosse Encephalitis (LAC)

LaCrosse encephalitis (LAC) has historically affected children in the Midwestern
states of Ohio, Indiana, Minnesota, and Wisconsin (Fig. 3.24). There was a large
outbreak a few years ago in West Virginia. Serological and epidemiological stud-
ies in North Carolina, Georgia, Tennessee, Mississippi, Virginia, and Florida have
indicated that LAC occurs and is increasing in those states also, but not to the
extent that it currently occurs in the midwestern United States. The mortality rate
of LAC is <1%, but seizure disorder may follow LAC infection. During the 34-yr
period 1964-1997, 2,497 LAC encephalitis cases were reported to CDC, at an
average of 73 cases/yr (26). Interestingly, LAC virus may be transferred from adult
female Oc. triseriatus to her offspring through ovarial contamination. Some
amplification of the virus takes place in nature through an Oc. triseriatus-wild
vertebrate cycle.
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WEE

Fig. 3.23 Approximate geographic distribution of western equine encephalitis (adapted from
WHO publication WHO/VBC/89.967)

3.3.5.3 Venezuelan Equine Encephalitis (VEE)

VEE is relatively mild and rarely affects the CNS, but will be included here as
an encephalitis. The virus is transmitted by many mosquito species, particularly
those in the genus Psorophora. The mosquito, Oc. taeniorhynchus, was found to
be an important vector during the most recent outbreak in Columbia and
Venezuela (27). VEE is endemic in Mexico and Central and South America;
epidemics occasionally reach the southern United States (Fig. 3.16). Although
the mortality rate is generally <1%, significant morbidity is produced by this
virus. In an outbreak in Venezuela in 1962-1964, there were more than 23,000
reported human cases with 156 deaths (2). In 1971, an outbreak of VEE in
Mexico extended into Texas resulting in 84 human cases (28). A more recent
outbreak in Colombia and Venezuela (1995) resulted in at least 75,000 human
cases (27).
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LAC

Fig. 3.24 Approximate geographic distribution of LaCrosse encephalitis (adapted from WHO
publication WHO/VBC/89.967)

3.3.5.4 Japanese Encephalitis (JE)

JE does not occur in the United States, but is the principal cause of epidemic viral
encephalitis in the world with ~50,000 clinical cases occurring annually; some
10,000 die from the illness each year (29). JE is highly virulent. Approximately
25% of cases are rapidly fatal, 50% lead to neuropsychiatric sequelae, and only
25% fully recover (30). The virus is transmitted by several Culex mosquitoes, but
especially Cx. tritaeniorhynchus. JE epidemics have, at times, been widespread and
quite severe. Historically, JE has been focused in the northern areas of countries in
southeast Asia, east Asia, and midsouthern Asia, especially China and Vietnam
(Fig. 3.25). Recently, there has been a steady westward extension of reported epi-
demic activity into northern India, Nepal, and Sri Lanka. JE has the potential for
introduction and establishment in North America, especially via international travel
and smuggling of animals and legal exotic pets (31).

3.3.5.5 Chikungunya

Chikungunya (CHIK) is a mosquito-transmitted Alphavirus which is not usually fatal
but can cause severe fevers, headaches, fatigue, nausea, and muscle and joint pains
(32, 33). There is often excruciatingly painful swelling of the joints in fingers, wrists,
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JE

Fig. 3.25 Approximate geographic distribution of Japanese encephalitis (adapted from WHO
publication WHO/VBC/89.967)

back, and ankles. The virus was first isolated during a 1952 epidemic in Tanzania,
and the word Chikungunya comes from Swahili, meaning “that which bends up,”
referring to the position patients assume when suffering severe joint pains (32). The
geographic distribution of CHIK has historically included most of Sub-Saharan
Africa, India, Southeast Asia, Indonesia, and the Philippines, although the disease is
increasing both in incidence and geographic range. There were 266,000 cases on
Reunion Island in the Indican Ocean during 2005-2006 (34). India suffered an explo-
sive outbreak in 2006 with more than 1.25 million cases, and CHIK has now been
found in Italy (33, 35). One of the main mosquito vectors of CHIK is the Asian tiger
mosquito, Aedes albopictus, which is extremely abundant in the southern U.S., raising
the fear of a potential outbreak if the virus is introduced here (35).
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3.4 Dengue Fever

3.4.1 Introduction

Dengue (DEN)is a serious mosquito-borne human disease occurring in the tropical
countries of Asia and Africa, as well as in the Caribbean area, and Central and
South America. The virus, a flavivirus related to yellow fever virus, has four sero-
types (Den 1, Den 2, Den 3, and Den 4) and is transmitted to people primarily by
the mosquitoes, Ae. aegypti and Ae. albopictus. As far as is known, humans are the
main vertebrate reservoir of the virus, although there may be a monkey-mosquito
cycle in some areas. The disease is characterized by fever, headache, retro-orbital
pain, and intense aching; it is sometimes referred to as “breakbone fever.”
Occasionally, a more severe form of the disease occurs, dengue hemorrhagic fever/
dengue shock syndrome (DHF/DSS), which may result in a hemorrhagic shock
syndrome with a fatal outcome.

Dengue is not some small, insignificant disease entity — there are ~50 million cases
each year (36, 37). Currently, it is not endemic in this country, but is literally “knock-
ing at the door” (Fig. 3.26). Hundreds of cases occurred in the summer of 1995 along
the Texas—Mexico border, especially in the Reynosa area. A few cases were acquired
on the US side. Recently, there was a report of DHF in a resident of Brownsville,
Texas (38). There is always the possibility of a widespread dengue epidemic in the
United States since there is an abundance of the mosquito vectors in the south central
United States. Also, with the thousands of people returning home from cruises to the
Caribbean each month (especially during the summer), there is good chance of
infected persons returning and infecting local mosquitoes with the virus.

3.4.2 Spread of the Virus

Dengue virus is transmitted by the bite of an infected female mosquito. Mosquitoes
may become infected by feeding on viremic patients, generally only from the day
before to the end of the febrile period (10). Usually, they will not feed again for
3-5d, depending on temperature. It is in this second (or third, rarely) feeding when
a susceptible person is inoculated with the virus. The adult lifespan of dengue vec-
tor mosquitoes is generally very short (few days), although some may survive 14d
or longer. Accordingly, it is amazing that dengue virus transmission occurs at all.
However, mosquito populations are so great, that even though most females die
before feeding a second time, enough individuals survive long enough to keep virus
transmission going.

Ae. aegypti and Ae. albopictus are the mosquito vectors in the Western
Hemisphere. They are somewhat similar in appearance, although markings on their
thorax (“back” of mosquito, where wings are attached) are different (Figs. 3.27 and
3.28). They both are similar in habits and breeding sites, feeding in the daytime
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Fig. 3.27 Adult female A. aegypti mosquito

Fig. 3.28 Markings on thorax of mosquito vectors of dengue in the United States A. albopictus
on right (provided with permission by Infections in Medicine 1996; 13:933)
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[ l:] Areas without Ae. aegypt/and Ae. albopictus
Ae. aegypti and Ae. albopictus
5] Ae. albopictus only

Fig. 3.29 Approximate geographic distribution of A. aegypti and A. albopictus (adapted from
CDC figure)

(mostly early and late) and breeding in artificial containers around the home (12).
Prime sites include paint cans, old tires, urns and jars, clogged rain gutters, pet
watering dishes, etc. Aedes albopictus, known as the Asian tiger mosquito, was
accidentally introduced into the United States from Japan in 1985 in the Houston,
Texas area. Since then, it has rapidly spread over much of the central and southern
United States, often replacing the native Ae. aegypti (Fig. 3.29). Today, the Asian
tiger mosquito is the primary pest mosquito in many towns and cities, being
extremely difficult to control by standard mosquito spraying (trucks or airplane)
because of its close proximity to houses and daytime feeding habit.

3.4.3 Clinical and Laboratory Characteristics

Clinically, dengue may be difficult to differentiate from leptospirosis, malaria,
typhoid, measles, yellow fever, or chikungunya (37). After an incubation period of
5-8d, there is sudden onset of fever, severe headache, retro-orbital pain, myalgia,
and arthralgia. There may also be GI disturbances, mottling of the skin, and rash.
Severe hemorrhagic manifestations (DHF/DSS) may occur, especially in children,
and is thought to be a result of, among other things, a sequential infection by more
than one dengue virus serotype (see next section) and/or variations in viral viru-
lence. DHF/DSS is characterized by fever, excessive capillary permeability, hypo-
volemia, and abnormal blood clotting mechanisms. Frequently reported hemorrhagic
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signs are scattered petechiae, a positive tourniquet test, easy bruisability, and less
frequently, epistaxis, bleeding at venipuncture sites, a petechial rash, and gum
bleeding (10). Although historically DHF/DSS has been mostly reported from
Southeast Asia, it is increasingly being seen in the Western Hemisphere (38). For
example, there was an epidemic of DHF/DSS in Cuba in 1981 with >10,000 cases
of severe hemorrhagic fever and 158 deaths (39). In August 2005, health authorities
in Tamaulipas, Mexico reported 223 cases of DHF (38).

3.4.3.1 Risk Factors for DHF/DSS

The following are various host and virus factors believed to convert a benign and
self-limiting disease, dengue, into the severe syndrome, DHF/DSS. This list comes
from Halstead (40).

1. Infection parity: An overriding risk factor for DHF/DSS in individuals >1yr
old is history of one prior dengue infection.

2. Passively acquired dengue antibody: Antibodies to dengue acquired trans-
placentally place infants at high risk for DHF/DSS during a first dengue
infection during the first year of life.

3. Enhancing antibodies: Dengue virus infection-enhancing antibody activity
in undiluted serum is strongly correlated with DHF/DSS in individuals who
experience a subsequent secondary dengue infection.

4. Absence of protective antibodies: Low levels of crossreactive neutralizing
antibody protect, but DHF/DSS occurs in their absence.

5. Viral strain: DHF/DSS is associated with secondary infections with dengue
viruses of Asian origin.

6. Age: DHF/DSS is usually associated with children.

7. Sex: Shock cases and deaths occur more frequently in female than male
children.

8. Race: During the 1981 Cuban epidemic, Blacks had lower hospitalization rates
for DHF/DSS than Asians or Whites.

9. Nutritional status: Moderate to severe protein-calorie malnutrition reduces
risk of DHF/DSS in dengue-infected children.

10. Preceding host conditions: Menstrual periods and peptic ulcers are risk
factors for the severe bleeding in adults, which occurs during some dengue
infections.

3.4.4 Treatment, Prevention, and Control

There is no specific treatment for dengue. However, the hypovolemic shock
resulting from DHF may require several specific interventions (see an appropri-
ate clinical text for current guidelines). Prevention and control of dengue in a
community depend on: (1) personal protection measures against mosquito biting
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(repellents, screening, long sleeves, and so forth — see Sect 3.3.2.), and (2) reduc-
ing populations of the two vector mosquitoes. Both of these require public educa-
tion campaigns. Since the traditional ultra-low-volume insecticide sprays are
mostly ineffective against these species, elimination of larval breeding sources is
needed. This requires convincing the public and property owners of the need for
such activity. Special clean-up days may need to be proclaimed by government
officials to promote elimination of breeding sites around homes (remember, this
species is not ordinarily found deep in the woods or swamps). If necessary, spe-
cial teams of health department or volunteer evaluators may be formed to walk
through every neighborhood, inspecting premises, dumping out water-filled con-
tainers, and possibly treating other breeding sites with pesticide.

3.4.4.1 Dengue Vaccine

There are several candidate dengue vaccines currently making their way through
early-stage clinical trials (41). However, development of an effective vaccine for
dengue is fraught with difficulty. The immunopathogenesis of DHF/DSS is likely
a result of antibody-dependent enhancement (ADE). In other words, the severe
hemorrhagic manifestations are believed to occur as a result of sequential infec-
tion by more than one dengue virus serotype. Apparently, infection-enhancing
antibodies are raised to antigens shared between the first and second infecting
serotypes. Therefore, much thought must be given to the problem of the possibil-
ity of immune potentiation in dengue infection in any vaccine development study.
The avoidance of ADE is one reason why, in the development of whole virus
vaccines, it is necessary to produce a tetravalent formulation (41), but the use of
tetravalent formulations of attenuated viruses may run into problems of emer-
gence of revertants to virulent forms or to domination of one or another serotype
owing to the well-known phenomenon of viral interference (42). Some of these
problems are being addressed by using infectious cDNA clones to design chi-
meric constructs containing genes of one dengue virus in a background of
another. Therefore, it may be possible to create a DNA vaccine for dengue (42).

3.5 Yellow Fever (YF)

3.5.1 Introduction and Medical Significance

YF is probably the most lethal of all the arboviruses and has had a devastating
effect on human social development. It consists of a sylvatic form — that can occa-
sionally spread to humans — circulating among forest monkeys in Africa and
Central and South America, and an urban form transmitted by the peridomestic
mosquito, Aedes aegypti, without any involvement of monkeys (5, 43) (Fig. 3.30).
The illness is characterized by a dengue-like syndrome with sudden onset of fever,
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chills, headache, backache, myalgia, a flush face, prostration, nausea, and vomit-
ing. Jaundice is usually moderate early in the disease and intensified later (10). In
one study, all patients with confirmed YF had jaundice, and 50% hemorrhaged
from the nose and gums (44). After the initial clinical syndrome, there may be a
brief remission lasting from several hours to a day. Then the patient may enter a
period of severe disease, including intoxication, renewed fever, hemorrhages,
hematemesis (the classic sign of YF — “black vomit”), albuminuria, and oliguria.
Published sensational accounts often mention profuse vomiting of black material,
collapse, and sudden death.

YF is caused by a flavivirus that is transmitted to humans by the bite of
infected mosquitoes. Even though an effective vaccine is available, there is still
a significant disease burden in Africa and South America from YF. From 1965 to
2004, 33,381 cases of YF were reported to the WHO, of which 83% were in
Africa (45). The case fatality rate among indigenous people of endemic areas is
<5%, but may exceed 50% in nonindigenous groups and during epidemics (10).
Although it can occur from Mexico to Argentina, most cases in the Americas
occur in northern South America and the Amazon Basin, including the Colombian
llanos (extensive plains) and eastern regions of Peru and Boliva. In Africa, the
endemic zone is the humid tropics roughly between about 16°N and 10°S lati-
tudes. Interestingly, YF does not occur in India or the densely populated coun-
tries of southeast Asia, even though plentiful vector mosquitoes and monkeys
occur there. Historically, YF epidemics have hit European seaports and many
American towns and cities with devastating results (see Sect. 3.5.2.). YF must
never be ignored lest it be reintroduced into nonendemic areas via fast-paced air
travel. The vector mosquitoes are ever present; all that is needed is the introduc-
tion of the etiologic agent. In fact, there was an imported case of YF in a 45-yr-
old man who returned to Tennessee from a 9-d trip to Brazil (46). Reportedly, he
had visited the jungles of Brazil along the Rio Negro and Amazon Rivers and had
not been previously vaccinated. The man died 6d after hospital admission and
10d after his first symptoms appeared.

3.5.2 Brief History of Yellow Fever

YF probably originated in Africa and was transported via shipping to port cities in
the New World, where from 1668 to 1893 it erupted in 135 major epidemics, leav-
ing economic shambles, human panic and fear, and widespread death (47). New
Orleans, Memphis, and Philadelphia were among the hardest hit (48). In 1793, one
of every ten Philadelphians died. In New Orleans during a major outbreak in 1853,
there were 29,000 cases with over 8,000 deaths. One of the worst American epi-
demics occurred in 1878 involving 132 towns, 75,000 cases, and 16,000 deaths.
During that epidemic, Memphis was devastated (48, 49). Panic ensued. People
with financial resources fled, leaving behind only the poor, sick, or dying. The city
was considered dead. Below is an eyewitness account given by William
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T. Ramsey of Washington, who came to Memphis with a corps of Howard
Association nurses (49):

Memphis is a city of horrors. The poor whites and Negroes from 150 miles around
Memphis have flocked into the city looking for food. Hundreds of them prowl around the
streets with hardly any clothes on.... They break into the vacant houses whenever they
want. The stench of Memphis sickened me before I got within 5 miles of the city. No words
can describe the filth I saw, the rotten wooden pavements, the dead animals, putrefying
human bodies, and the half-buried dead combining to make the atmosphere something
fearful. I took 30 grains of quinine and 120 drops of tincture of iron every day and wore a
thick veil soaked with carbolic acid over my face. Many of the nurses, both men and
women, smoke cigars constantly while attending patients to ward off the stench. In the
Peabody Hotel where I stayed, pans of sulphur were kept burning in the halls.

Eventually, scientific research began to shed light on the etiology of YF and its
link to mosquitoes. In 1881, Carlos Finlay, a Cuban physician, was the first to suggest
that the disease was transmitted by a mosquito (50), but little was done to evaluate
the claim until the establishment of a US Army Commission (Board) in Cuba in
1900 which set out to systematically investigate YF. The United States had won
control of Cuba at the end of the Spanish-American War in 1898, and accordingly,
many US military personnel were stationed there. Because of outbreaks of YF, the
Surgeon General established a “board for the purpose of pursuing scientific inves-
tigations with reference to the acute infectious diseases on the island of Cuba, giv-
ing special attention to the etiology and prevention of yellow fever.” The board set
about to perform bacteriological studies on patients and victims of YF (they
thought YF was caused by a bacterium), and to explore the theory of insect trans-
mission. Attempts to prove a bacterial etiology for YF were negative. In fact, the
causative agent of YF was shown to pass through bacteriological filters, indicating
a viral etiology. This was the first demonstration of a human disease caused by a
virus (50). The researchers associated with the YF board — Walter Reed, Dr. James
Carroll, Dr. Aristides Agramonte, and Jessee W. Lazear — designed several amazing
experiments to unravel the YF mystery systematically. In one set of experiments,
they built a “fomite” house in which human volunteers had to sleep on cots and in
bed clothes soiled with a liberal quantity of black vomit, urine, and fecal matter
from recent victims. In subsequent tests, the volunteers had to sleep on pillows
covered with towels soaked with blood of YF victims (47). All volunteers remained
well. The fomite theory of YF transmission was now history. Next, they built a
“mosquito house,” which had two partitions separated by a screen. Mosquitoes that
had previously been fed on sick patients were released into one side of the house
where a susceptible host — John Moran — reclined, clothed in only a nightshirt. He
was bitten repeatedly. Other susceptible volunteers were asked to sleep in the other
side of the house (free from mosquitoes). Five days later Moran came down with
classic YF, but the others remained healthy. The Board then made a far-reaching
conclusion: regardless of its cause, YF must be transmitted by mosquitoes, and
therefore can be managed by mosquito control and patient isolation techniques.
Interestingly, many of the brave volunteers (the ones who got sick or stayed in the
fomite house) who participated in these YF experiments were eventually awarded
a Congressional Medal of Honor.
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3.5.3 Jungle vs Urban YF Cycles

Jungle (sylvatic) YF occurs in Africa and Central and South America maintained
among monkeys by forest or scrub mosquitoes. Public health officials must dili-
gently monitor jungle YF activity as it may be bridged into urban areas. In 1995,
the largest jungle YF epidemic in history recorded 422 cases with 213 deaths (40).
In Africa, key links in the jungle cycle are Cercopithecidae monkeys (includes
red-tailed monkeys), and more rarely, the lesser bush-baby, infected by tree can-
opy mosquitoes, such as Aedes africanus (43). Other mosquito species may be
involved, especially in bridging the sylvatic cycle to an urban cycle. The virus can
be introduced to urban areas in several ways. Villagers may acquire the virus
while working in the forest and then return home ill, or infected red-tailed mon-
keys may venture into villages looking for food and be bitten by peridomestic
mosquitoes. In the Americas, the sylvatic hosts are in the family Cebidae — espe-
cially howler and spider monkeys. Vector mosquitoes maintaining the sylvatic
cycle include many species of Haemagogus mosquitoes. These mosquitoes breed
in tree holes within dense forests, but will bite humans if given the opportunity —
situations like woodcutters clearing forests for agriculture. The urban cycle begins
as these sickened foresters go back to their villages. The urban cycle (human-to-
human) in both Africa and the Americas is maintained by domestic Ae. aegypti, a
very common day-flying mosquito that breeds around homes in artificial contain-
ers, such as water pots, pet dishes, discarded tires, clogged rain gutters, soda cans,
and so forth.

3.5.4 Treatment and Prevention

There is no specific treatment for YF, but prevention and control of epidemics can
be achieved by use of the live 17D vaccine. This vaccine is one of the most success-
ful live attenuated vaccines known to science. It is highly immunogenic, has a very
low incidence of clinical reactions, and confers long-lasting (possibly lifetime)
immunity. The package insert should be consulted before vaccine administration
for advice about specific restrictions or exclusions (e.g., pregnant women).
Transmission of YF may also be interrupted by mosquito avoidance, control, and,
specifically, destruction of Ae. aegypti breeding sites.

Understanding the dynamics of urban YF gives one a unique perspective of the
historical aspects of the disease. Discovering the urban mosquito vector — the
exploitable weak link — was the key to stopping epidemics. At first, no one knew
what spread the disease; it was just known that it moved in waves from one place
to another. Some physicians logically assumed that fomites (articles of bedding or
clothing contaminated with the agent) must be the cause. Others believed that YF
was spread by miasmatic (poisoned) air. Fear and panic ruled during epidemics.
People were often held at bay at gunpoint, prevented from entering towns. No one
knew at the time that the real problem was mosquito breeding! Trash, neglected
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water pots, rain barrels, and the like were everywhere in cities affected by epidemics.
It seems odd that something as simple as a clean-up campaign, combined with
mosquito avoidance (screens or nets), could so drastically reduce human suffering
and death owing to this terrible disease.

3.6 Lymphatic Filariasis

3.6.1 Introduction and Medical Significance

Filariae are long, threadlike nematodes (nonsegmented, cylindrical, tapered-at-
both-ends worms) that inhabit the human lymphatic system and/or subcutaneous
and deep connective tissues. Only species affecting the lymphatic system are
discussed here. Other species that may occasionally infect human tissues are
included in the next section. There are at least 751 million people at risk of lym-
phatic filariasis in 76 countries, and some 79 million people actually infected
(43). There are basically two types of this mosquito-borne disease, relating to the
species of round worm involved — Bancroftian filariasis and Brugian (sometimes
also called Malayan) filariasis. A third type, Timoran filariasis, is rare and limited
to a very small geographic area, and will not be addressed in this chapter.
Filariasis occurs over much of the tropical world, whereas the Brugian form is
mostly confined to southeast Asia (12) (Figs. 3.31 and 3.32). Clinical symptoms
include fever, lymphangitis, lymphadenitis, occasional abscess formation, and
chronic obstructive manifestations. The obstructive sign, elephantiasis, is thought
by many to be the inevitable end result of filariasis; however, elephantiasis is
actually an uncommon complication. Millions of immigrants have come to the
United States in the last decade, many originating from countries with endemic
filariasis. It is reasonable to expect that some of these immigrants, who comprise
~1% of the US population, will present to the medical care system with signs and
symptoms of filariasis (51).

3.6.2 C(linical and Laboratory Findings

Not everyone exposed to filarial infection develops symptoms or signs other than
perhaps microfilaremia — defined as larval worms, or microfilariae, in the circulat-
ing blood. Others develop inflammatory manifestations, such as an acute localized
inflammation (the skin may be erythematous and hot), lymphadenitis, lymphangi-
tis, and fever. There may be accompanying chills, sweats, headache, anorexia,
lethargy, myalgias, and arthralgias. Abscesses may arise in the inguinal and axillary
lymphatic structures, distal extremities, or breasts. Inflammation of the testicles,
epididymus, and spermatic cord may also result. In fact, scrotal involvement may
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Fig. 3.32 Approximate geographic distribution of Brugian filariasis (adapted from WHO publi-
cation WHO/VBC/89.967)

result in hydrocele (this is separate from scrotal elephantiasis). Obstructive filaria-
sis may occur when adult worms in the inguinal (or other) lymph nodes cause
obstruction of lymphatic drainage resulting in the legs or scrotum swelling to gro-
tesque proportions. As this condition continues, it becomes stabilized and hardened
by fibrosis — a condition called elephantiasis. Elephantiasis generally only develops
in a small number of people who have been exposed to filarial infections repeatedly
over a period of years. Diagnosis of lymphatic filariasis is usually based on clinical
exam, history of exposure in endemic areas, detection and identification of micro-
filariae in peripheral blood, and/or antibody tests, such as indirect fluorescent
antibody (IFA) or enzyme-linked immunosorbent assay (ELISA). Hypereosinophilia
is a common laboratory finding. Microfilariae may be directly viewed microscopi-
cally (Fig. 3.33). Often, thin blood smears stained with Giemsa or Field’s stain will
reveal the microfilariae. In lysed thick blood films, microfilariae range in length
from about 245 to nearly 300 um, and display a large number of distinct nuclei (52).
Each of the tiny worms is inside a thin, delicate sheath — the persisting egg mem-
brane (Fig. 3.34). Presence or absence of the sheath is important. Other species of
nonpathogenic filariae may infect humans, which produce unsheathed microfilar-
iae, but all pathogenic ones are sheathed. It must be noted that filarial infection may
occur without detectable microfilaremia.

3.6.3 Ecology of Lymphatic Filariasis

3.6.3.1 Bancroftian Filariasis

Bancroftain filariasis, caused by Wuchereria bancrofti, is widely distributed
through much of central Africa, Madagascar, the Nile delta, the Arabian seacoast,
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Fig. 3.33 Microscopic view of microfilaria (provided with permission by Infections in Medicine
1998; 15:607)

Fig. 3.34 Microfilaria showing sheath (provided with permission by Infections in Medicine
1998; 15:607)

Turkey, India, Pakistan, Sri Lanka, Burma, Thailand, southeast Asia, many
Pacific islands, Malaysia, the Philippines, and the southern parts of China,
Korea, and Japan (52). In the New World, it is found in the Caribbean and
Central and South America, including Haiti, the Dominican Republic, Costa
Rica, Honduras, Guatemala, Guyana, Suriname, French Guiana, and parts of
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Brazil. There was at one time a small endemic center of the disease near
Charleston, SC that has apparently disappeared (12). Bancroftian filariasis is an
interesting disease in that there are no other known vertebrate hosts of the
worms. It is transmitted solely by mosquitoes, and there is no multiplication of
the parasite in the mosquito vector. The house mosquito, Culex quinquefasciatus,
is a common urban vector; in rural areas, transmission is maintained mainly by
Anopheles mosquitoes (43, 53).

3.6.3.2 Brugian or Malayan Filariasis

Malayan filariasis does not occur in the New World, being mostly confined to
Malaysia and areas from the Indian subcontinent through Asia to Japan. The disease
has been virtually eradicated from Sri Lanka and Taiwan, and nearly so from main-
land China. The life cycle of the causative agent, Brugia malayi, is similar to that of
W. bancrofti, except that in most areas the principal mosquito vectors are in the
genus Mansonia (52). However, Anopheles mosquitoes may also be involved. Some
forms of Brugian filariasis may involve animal reservoirs, such as cats, monkeys,
and pangolins.

3.6.3.3 Filarial Life Cycle in Hosts

Microfilariae are ingested in blood when mosquitoes feed on infected persons (Fig.
3.35). They penetrate the mosquito stomach wall, entering the body cavity (hemo-
coel), where they migrate to flight muscles for growth. After two molts, the third-
stage infective larvae migrate through the head, eventually reaching the proboscis of
the mosquito. By this time, the larvae are 1.5-2.0mm long. During the mosquito’s
next blood meal, infective larvae escape onto human skin, where they enter through
the mosquito bite puncture wound or local abrasions. In humans, the parasites pass
to the lymphatic system where they undergo further molts eventually to become
adult worms (several months later). Adult worms may live in humans — almost con-
tinuously producing thousands of microfilariae per day — for 10-18yr (12, 53).

3.6.3.4 Nocturnal Periodicity

In many areas of the world where filariasis occurs, the infection is seen in a “peri-
odic form” wherein the microfilariae circulate in their animal or human hosts in
higher numbers at night — supposedly being available in higher numbers when their
specific mosquito vectors feed. Alternatively, the “subperiodic” form of filariasis
describes the condition in which microfilaremias are roughly the same at all times.
Much has been written about periodicity; it has classically been said that the pro-
portion of number of microfilariae found in blood smears during the day as opposed
to night is 1:1000 (52). However, periodicity may not be so pronounced and general
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Fig. 3.35 Life cycle of W. bancrofti (provided with permission by Infections in Medicine 1998;
15:607)

as once thought, varying a great deal from place to place and species of filarial
worm. Nonetheless, Bancroftian filariasis generally displays periodicity over much
of its range (a subperiodic form does occur, however), whereas Malayan filariasis
has several forms — nocturnal periodic, nocturnal subperiodic, and possibly a diur-
nal subperiodic from (43).
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3.6.3.5 Treatment

Diethylcarbamazine (DEC), also known as Hetrazan, has been used for years
for the treatment of lymphatic filariasis. DEC is an extremely effective micro-
filaricide for Wuchereria and Brugia species, resulting in near-zero micro-
filaremia levels within hours, and one or more treatment courses may kill
most of the adult worms (51). DEC is not widely available; contact the
Centers for Disease Control Drug Service or the Division of Parasitic Diseases
for availability and current treatment regimens. DEC is contraindicated in
pregnant women and persons with renal disease. There may be systemic aller-
gic reactions associated with rapid clearance of the microfilariae, but they
usually can be managed with antipyretics, antihistamines, and analgesics.
Over the last decade, the veterinary drug, ivermectin (Mectizan), has shown
great promise in treatment of various filarial diseases, such as onchocerciasis.
This drug has the advantage over DEC in its efficacy when given as a single
dose. Ivermectin for use in lymphatic filariasis is considered investigational
at this time (54, 55).

3.7 Other Human-Infesting Filarial Worms

Numerous filarial worms are transmitted to humans and other mammals by mos-
quitoes and black flies. Examples include the causative agents of Bancroftian and
Malayan filariasis (discussed above), loiasis, onchocerciasis, and dirofilariasis (dog
heartworm). Other filarial worms may or may not cause symptomatic disease and
are less well known (and thus have no common name), such as Mansonella ozzardi,
Mansonella streptocerca, Mansonella perstans, Dirofilaria tenuis, Dirofilaria ursi,
Dirofilaria repens, and others.

The dog heartworm, Dirofilaria immitis, occurs mainly in the tropics and sub-
tropics, but also extends into southern Europe and North America. This worm
infects several canid species, sometimes cats, and, rarely, humans. Numerous mos-
quito species are capable of transmitting dog heartworm, especially those in the
genera Aedes, Anopheles, Ochlerotatus, and Culex. Mosquitoes pick up the micro-
filariae with their blood meal when feeding on infected dogs. In endemic areas, a
fairly high infection rate may occur in local mosquitoes.

Undoubtedly, thousands of people in the United States are bitten each year by
mosquitoes infected with D. immitis. Fortunately, humans are accidental hosts, and
the larvae usually die. However, they may occasionally be found as a subadult
worm in the lung (seen as a coin lesion on X-ray exam) (56). The incidence of dog
heartworm in humans may well be decreasing in the United States because of wide-
spread — and fairly consistent — treatment of domestic dogs for heartworm. The
closely related D. tenuis is commonly found in the subcutaneous tissues of rac-
coons (again, mosquito-transmitted) and may accidentally infest humans as nodules
in subcutaneous tissues.
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Mosquito-borne Encephalitis: Test Your Diagnostic Skills

The following two cases of encephalitis are actual ones the author helped
investigate while at the Mississippi Department of Health. See if you can
figure out which encephalitis virus was involved in each case. I assure you,
they are common ones. While your diagnostic decisions will be hampered by
lack of specific laboratory findings, other clues — such as age of the patient,
relative severity of the illness, clinical presentation, and kinds of mosquitoes
collected — are revealed in the case histories.

Case 1. In late June 1999, a six-month-old, previously healthy infant was
brought to an emergency department (ED) with a several-hour history of
fever, with a maximum temperature of 38.7°C (101.6°F). He was experienc-
ing a focal seizure characterized by uncontrollable blinking of the left eye,
twitching of the left side of the mouth, and random tongue movement. In the
ED, seizures continued intermittently despite the administration of diazepam
and lorazepam. Treatment was started with phenytoin, and the infant was
admitted to the hospital.

Examination of cerebrospinal fluid (CSF) on admission showed 294 white
blood cells (WBCs)/uL, with 47% polymorphonuclear leukocytes, 41% histio-
cytes, and 12% lymphocytes, and 3 red blood cells (RBCs)/uL. Protein and
glucose levels were within normal limits. An admission CT scan was read as
normal. Therapy with acyclovir was initiated because of the possibility of her-
pes encephalitis, and cefotaxime and vancomycin were also started to cover
possible bacterial infection. The seizures stopped; the intravenous phenytoin
was discontinued, and treatment with oral phenobarbital was started.

Focal seizures, which progressed to generalized tonic-clonic seizures,
recurred on the fourth hospital day, although a therapeutic blood level of
phenobarbital had been achieved. After another CT scan, which was read as
within normal limits, the child was transferred to a different hospital.

On admission, the infant was noted to have continous seizure-like move-
ments of the chin and face. A lumbar puncture at this time revealed 307 WBCs/
puL, with 33% polymorphonuclear leukocytes, 29% lymphocytes, and 38%
histiocytes; 812 RBCs/uL; a protein level of 104 mg/dL; and a glucose level of
74mg/dL. Treatment with acyclovir, cefotaxime, and vancomycin was contin-
ued. The patient was intubated because of excessive secretions and to avoid
respiratory compromise. He was gain treated with lorazepam, and phenytoin
was restarted. Seizure activity ended. The patient continued to be intermit-
tently febrile. He was extubated on the sixth continuous hospital day.

Results of polymerase chain reaction studies for herpesvirus from admission
samples were negative. In addition, admission blood, urine, and CSF culture
results were negative, and on the ninth hospital day, cefotaxime and vanco mycin
were discontinued. The patient’s maximum temperature on that day was
37.8°C (100.1°F), and he was becoming more alert and playful.

(continued)
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(continued)

He subsequently became and remained afebrile, without seizure activity, so
he was transferred back to the original hospital on the 12th hospital day for
completion of 21d of intravenous acyclovir. On day 21, he was discharged
home on a regimen of oral phenytoin. He had some residual left-sided weak-
ness requiring several weeks of physical therapy.

A sample of CSF was sent to a reference laboratory for testing for antibod-
ies to various encephalitis agents, including herpesviruses and arboviruses.
Results showed an indirect fluorescent antibody titer of 1:8 to a mosquito-
borne encephalitis virus. Serum was sent to the CDC for confirmation, which
showed the presence of IgM antibody to that same virus. Mosquito collections
at the patient’s home revealed Culex restuans, Culex salinarius, Aedes albopic-
tus, Ochlerotatus triseriatus, Anopheles crucians, and An. quadrimaculatus.
Based on this description, what disease would you have diagnosed?

Case 2. Fever (temperature of 39.4°C [103°F]) and diarrhea developed in
an eleven-year-old Native American boy on July 31. Gastroenteritis was
reportedly “going around” in the community at the time. He was taken to a
local ED and given symptomatic treatment. His condition improved some-
what until the night before admission, when he complained of headache,
stomache, and decreased appetite. He went to bed early, which was unusual
for him. The next morning he went with his family to a scheduled ophthalmo-
logic examination and slept during most of the one-hour drive. He was drowsy
and nauseated on arrival at the clinic; he turned pale and grand mal seizure
activity began. He was taken to the ED and given a loading dose of phenytoin,
then he was transferred to the admitting hospital.

On admission, he was responsive but lethargic. His admission temperature
was 39°C (102.2°F). His admission laboratory findings included a WBC
count of 19,500/uL, with 59% neutrophils, 19% band forms, and 16% lym-
phocytes. The hematocrit was 34.4%, and the serum glucose level was 184 mg/
dL. CSF examination revealed a WBC count of 980/uL, with 91% neu-
trophils; no organisms on Gram stain; a negative latex agglutination test; a
protein level of 68mg/dL; and a glucose level of 105mg/dL. Additional
blood, CSFE, and stool cultures were obtained.

The patient was given cefotaxime and phenytoin. He remained febrile, with
temperatures up to 40.6°C (105°F), but became more responsive and became
ambulatory by the second day after admission. At ~2pm on August 5, the
patient experienced another seizure, with eye deviation to the right and head
turning to the right. A CT scan showed enhancement of the cisterna but only
mildly increased intracranial pressure. Respirations became irregular, and the
patient was electively intubated and hyperventilated. Treatment with strepto-
mycin, pyrazinamide, and isoniazid was started for possible CNS herpesvirus
infection. His condition deteriorated over the next 24 h until he showed no

(continued)
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(continued)

evidence of brain stem function. A lumbar puncture was performed for viral
studies, since none of his previous cultures were growing. He was taken off
the ventilator the evening of August 6. At autopsy, the patient’s meninges
were relatively clear, but cerebral edema was present.

Confirmation of infection with one of the mosquito-borne encephalitis
viruses was made by the CDC facility in Ft. Collinbs, CO; two separate serum
samples indicated a four-fold rise in hemagglutination inhibition antibody to
the virus, and enzyme-linked immunosorbent assay showed the presence of
specific [gM. Mosquito species collected around the home included Aedes
albopictus, Anopheles crucians, and Coquillettidia perturbans. Which arbo-
viral disease did this child have?

Answers

Case 1. LaCrosee encephalitis. This infection occurs mostly in children, and seizures
are quite commonly the presenting symptom, occurring in about 50% of clinical cases.
Most cases are mild; the mortality rate is only about 1%. Another clue to the virus’
identity in this case is the mosquito collection data. The primary vector mosquito is
Oc. triseriatus.

Case 2. Eastern equine encephalitis (EEE). This is a devastating disease with a mortal-
ity rate of ~50%. As exemplified in this case, EEE is especially severe in children.
Within just a few days, this boy was dead. Again, in this case, the mosquito data pro-
vide an additional clue: the primary inland vector of EEE is Cq. perturbans.
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Chapter 4
Tick-Borne Diseases

4.1 Basic Tick Biology

There are three families of ticks recognized in the world today:

1. Ixodidae (hard ticks).

2. Argasidae (soft ticks).

3. Nuttalliellidae (a small, curious, little-known group with some characteristics of
both hard and soft ticks).

The terms hard and soft refer to the presence of a dorsal scutum or “plate” in the
Ixodidae, which is absent in the Argasidae. Hard ticks display sexual dimorphism,
whereby males and females look obviously different (Fig. 4.1), and the blood-fed
females are capable of enormous expansion. Their mouthparts are anteriorly attached
and visible from dorsal view. If eyes are present, they are located dorsally on the
sides of the scutum.

Soft ticks are leathery and nonscutate, without sexual dimorphism (Fig. 4.2). Their
mouthparts are subterminally attached in adult and nymphal stages and not visible
from dorsal view. Eyes, if present, are located laterally in folds above the legs.

There are major differences in the biology of hard and soft ticks. Some hard ticks
have a one host life cycle, wherein engorged larvae and nymphs remain on the host
after feeding; after they molt, subsequent stages reattach and feed. Adults mate on
the host, and only engorged females drop off to lay eggs on the ground. Although
some hard ticks complete their development on only one or two hosts, most com-
monly encountered ixodids have a three-host life cycle (Fig. 4.3). In this case, adults
mate on a host (except for some Ixodes spp.), and the fully fed female drops from
the host animal to the ground and lays from 2000 to 18,000 eggs after which she
dies. Eggs hatch in about 30d into a six-legged seed tick (larval) stage, which feeds
predominantly on small animals. The fully fed seed ticks drop to the ground and
transform into eight-legged nymphs. These nymphs seek an animal host, feed, and
drop to the ground. They then molt into adult ticks, thus completing the life cycle.
Many hard tick species “quest” for hosts, by climbing blades of grass or weeds and
remaining attached, forelegs outstretched, awaiting a passing host. They may travel
up a blade of grass (to quest) and back down to the leaf litter where humidity is high
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FEMALE MALE

Fig. 4.1 Female and male hard ticks (Family Ixodidae) (from US Pub. Health Serv. NIH Bull.
No. 171)

Fig. 4.2 Soft tick (Family Argasidae), Otobius megnini (US Air Force figure)

(to rehydrate) several times a day. Also, hard ticks will travel a short distance toward
a CO, source. Adult ticks are more adept at traveling through vegetation than the
minute larvae.

Ticks feed exclusively on blood, and begin the process by cutting a small hole
into the host epidermis with their chelicerae and inserting the hypostome into the
cut, thereby attaching to the host. Blood flow is presumably maintained with the aid
of an anticoagulant from the salivary glands. Some hard ticks secure their attach-
ment to the host by forming a cement cone around the mouthparts and surrounding
skin. Two phases are recognized in the feeding of nymphal and female hard ticks:



4.1 Basic Tick Biology 83

Replete Fecundated Female
Drops From Host 3

|
Adults Attack |

Host 3 And Mate ! Male May Live Several More Weeks
\ —_— :ﬂ

Adults Emerge From _ Oviposition Begins

Nymphal Skin While <
On Ground

Female Dies

Replete Nymphs — — —
Drop From Host 2

Nymphs Attack =~ -

Host 2
Nymphs Emerge From 7 \
Larval Skin While On / i \\
Ground / | Larvae Hatch Out
Replete Larvae / Larvae Attack
Drop From Host 1 Host 1

Fig. 4.3 Life cycle of a three-host tick (from USDA, ARS, Agri. Hndbk. No. 485)

(1) a growth feeding stage characterized by slow continuous blood uptake and (2) a
rapid engorgement phase occurring during the last 24 h or so of attachment.

The biology of soft ticks differs from hard ticks in several ways. Adult female
soft ticks feed and lay eggs several times during their lifetime. Soft tick species may
also undergo more than one nymphal molt before reaching the adult stage. With the
exception of larval stages of some species, soft ticks do not firmly attach to their
hosts for several days like the Ixodidae — they are adapted to feeding rapidly and
leaving the host promptly.

Hard ticks and soft ticks occur in different habitats. In general, hard ticks occur in
brushy, wooded, or weedy areas containing numerous deer, cattle, dogs, small mam-
mals, or other hosts. Soft ticks are generally found in animal burrows or dens, bat
caves, dilapidated or poor-quality human dwellings (huts, cabins, and so forth), or
animal rearing shelters. Many soft tick species thrive in hot and dry conditions,
whereas ixodids are more sensitive to desiccation and, therefore, usually found in areas
providing protection from high temperatures, low humidities, and constant breezes.

Most hard ticks, being sensitive to desiccation, must practice water conservation
and uptake. Their epicuticle contains a wax layer, which prevents water movement
through the cuticle. Water can be lost through the spiracles; therefore, resting ticks
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keep their spiracles closed most of the time, opening them only one or two times an
hour. Tick movement and its resultant rise in CO, production cause the spiracles to
open about 15 times an hour with a corresponding water loss.

Development, activity, and survival of hard ticks are influenced greatly by tem-
perature and humidity within the tick microhabitat. Because of their temperature and
high humidity requirements, as well as host availability, hard ticks tend to congre-
gate in areas providing those factors. Ecotonal areas (interface areas between major
habitat types) are excellent habitats for hard ticks. Open meadows/prairies, along
with climax forest areas, generally support the fewest ticks. Ecotone areas and small
openings in the woods are usually heavily infested. Deer and small mammals thrive
in ecotonal areas, thus providing blood meals for ticks. In fact, deer are often heavily
infested with hard ticks in the spring and summer months. The optimal habitat of
white tail deer has been reported to be the forest ecotone, since the area supplies a
wide variety of browse and frequently offers the greatest protection from their natu-
ral enemies. Many favorite deer foods are also found in the low trees of an ecotone,
including greenbrier, sassafras, grape, oaks, and winged sumac.

Ticks are not evenly distributed in the wild; instead, they are localized in areas
providing their necessary temperature, humidity, and host requirements. These bio-
logic characteristics of ticks, when known, may enable us to avoid the parasites.

4.2 Rocky Mountain-Spotted Fever (RMSF)

4.2.1 Introduction

Rickettsiae are small, obligate intracellular bacteria. For classification purposes,
they are grouped into several broad categories, such as the spotted fever group, the
typhus group, the scrub typhus group, the Q fever group, and so forth. A group
called the Ehrlichia organisms, which includes Ehrlichia and Anaplasma species,
was recently found to be the cause of several human diseases (see Sect. 4.5 in this
chapter). There are many rickettsial species in the spotted fever group (SFG); it
contains at least 20 disease agents and 21 others with low or no pathogenicity to
humans (1). Table 4.1 presents some distributional and epidemiologic information
on eleven of the human disease-causing SFG rickettsiae. Most are clinically similar.
For example, Siberian tick typhus might easily be diagnosed as RMSF if the case
occurred in the United States.

As mentioned, not all SFG rickettsiae are pathogenic. Numerous SFG species can
be isolated from field-collected ticks (2, 3). This often leads to confusion, since they
will react with flourescent antibody stains (Fig. 4.4). Often, a research study will
indicate a percentage of SFG-positive ticks found in an area, but without further
differentiation regarding species, this information is almost useless. Just because an
SFG rickettsia occurs in ticks in a park (for example) does not mean there is a threat
from RMSF or any other SFG pathogen. Much is unknown about these nonpathogenic
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Table 4.1 Epidemiologic information on eleven spotted fever group rickettsiae

Rickettsia Disease Tick/mite vectors Distribution
R. rickettsii RMSF Primarily ticks Western hemisphere
Dermacentor
variabilis and
D. andersoni
R. conorii Boutonneuse fever Primarily ticks in Africa, Mediterranean
genera area, Middle East
Rhipicephalus,
Hyalomma, and
Haemaphysalis
R. parkeri American boutonneuse Ticks, Amblyomma East coast and
fever maculatum, southern U.S.,
A. americanum, Oklahoma, South
A. tristii America
R. africae African tick bite fever  Primarily Amblyomma  Sub-Saharan Africa
hebraeum
R siberica North Asian tick Primarily ticks in Siberia, Central Asia,
typhus (Siberian genera Dermacentor Mongolia
tick typhus) and Hyalomma
R australis Queensland Tick Tick Ixodes holocyclus ~ Australia
Typhus
R. akari Rickettsialpox Mite, Liponyssoides United States, possibly
sanguineus Russia, Africa
R. japonica Japanese spotted fever  Ticks, probably Japan
Haemaphysalis

R. mongolotimonae
R. aeschlimannii

R. honei

flava, H. longicornis,
Ixodes ovatus

Ticks in genus
Hyalomma

Tick, Hyalomma
marginatum

Ticks in genera Ixodes,
Rhipicephalus, and
Amblyomma

China, Europe, Africa
Africa

Australia, Southeast
Asia, United States

rickettsial organisms and the role they play in the ecology of human pathogens, such
as RMSF. Some investigators think these nonpathogenic species may interfere with
the cycle of Rickettsia rickettsii by infecting ticks and thus crossprotecting them
from the true R. rickettsii (4) (see Chap. 2). The remainder of this section will be

limited to RMSFE.

4.2.2 Clinical and Laboratory Aspects of RMSF

RMSF is the most frequently reported rickettsial disease in the United States with
about 2,000 cases reported each year (5). RMSF incidence is apparently increasing;
the number of reported cases has increased during all but a single year since 2000 (6).
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Fig. 4.4 Fluorescent antibody stain of lone star tick midgut smear showing spotted fever group
rickettsiae, but not the agent of RMSF, R. rickettsii

Probably even more cases occur, but go unreported. Why? If an unusual febrile
illness is treated successfully with one of the tetracyclines, there may be little inter-
est in follow-up and reporting. At the time of initial presentation, there is often the
classic triad of RMSF — fever, rash, and history of tick bite. Other characteristics are
malaise, severe headache, chills, and myalgias. Sometimes gastrointestinal symp-
toms, such as abdominal pain and diarrhea, are reported. I have seen the proper
diagnosis missed because of GI involvement. The rash, appearing on about the fifth
day, usually begins on the extremities and then spreads to the rest of the body.
However, there have been confirmed cases without rash. Mental confusion, coma,
and death may occur in severe cases. Untreated, the mortality rate is about 20%;
even with treatment, the rate is 4% (7). There have been mild to severe neurological
sequelae following RMSF infection such as encephalopathy, seizures, paresis, and
peripheral motor neuropathies (8).

Laboratory findings include a normal or depressed leukocyte count, thrombocyto-
penia, elevated serum hepatic aminotransferase levels, and hyponatremia, although
these abnormalities are not specific for RMSF (9, 10). Specific tests to diagnose
RMSF are not widely available (usually only through CDC or some universities).
Indirect flourescent antibody (IFA) tests on acute and convalescent sera are fairly
accurate, and can be used later to confirm the diagnosis. Weil-Felix reactions with
Proteus OX-19 and OX-2 have been used in the past, but lack sensitivity and specifi-
city. PCR technology, if available, can also be used for diagnosis. RMSF organisms
may be visualized in post-mortem samples by immunohistochemistry (IHC).
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4.2.3 Ecology of RMSF

RMSF is usually transmitted by the bite of an infected tick. Not all tick species are
effective vectors of the rickettsia, and even in the vector species, not all ticks are
infected. Therefore, tick infection with R. rickettsii is like a needle in a haystack.
Generally, only 1-5% of vector ticks in an area are infected. Several tick vectors may
transmit RMSF organisms, but the primary ones are the American dog tick
Dermacentor variabilis in the eastern United States, and Dermacentor andersoni in
the West (Figs. 4.5-4.8). Interestingly, a recent cluster of cases in Arizona was found
to be transmitted by the brown dog tick, Rhipicephalus sanguineus (11). Adults of
both Dermacentor species feed on a variety of medium to large mammals and
humans (12, 13). Ticks are often brought into close contact with people via pet dogs
or cats (dog ticks may also feed on cats). In one case I investigated, the mother of
the 3-yr-old patient said, “He always carried that puppy around... holding it up next
to his face.” Another mode of RMSF transmission may be manual deticking of dogs
and subsequent autoinfection via mucosal membranes or eyes. One man contracted
RMSF in Mississippi by biting ticks, removed from his dog, between his teeth. That
may seem odd, but I have since encountered other persons who claimed to kill ticks
by “biting them.”

4.2.4 Prevention and Treatment of RMSF

The only sure way of preventing tick-borne diseases is to prevent tick bites.
Personal protection techniques for tick bites include: avoiding tick-infested woods

Fig. 4.5 Adult female D. andersoni (USAF photo by B. Burnes)
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Fig. 4.8 Approximate geographic distribution of D. variabilis
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Fig. 4.10 Personal protection from ticks: tucking pants legs inside boots

if possible, tucking pants legs into boots or socks, and using repellents on pant legs
and socks (Figs. 4.9 and 4.10). Products containing the active ingredient, DEET,
work fairly well in repelling ticks, but permethrin products are more effective.
Permethrin, actually a pesticide rather than a repellent, is a synthetic pyrethroid
available for clothing use only. The product is sold in lawn, garden, or sporting
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Fig. 4.11 Permanone®, an effective clothing spray for prevention of tick bites

goods stores as an aerosol under the name Permanone Repel® or something similar
(Fig. 4.11). Interestingly, permethrin products can maintain their potency in cloth-
ing for at least 2wk, even through several launderings.

In addition, inspection of the body and removal of attached ticks are more
important than many people realize (Fig. 4.12). In most tick-borne diseases, there
is a feeding period required before transmission of the disease agent occurs. This
time period may be from 3 to 48h, depending on the particular disease agent.
Doxycycline is the drug of choice for treatment of suspected or confirmed cases of
RMSF in adults and children (10). Children under eight and pregnant women are
sometimes given chloramphenicol. Treatment should be initiated on clinical and
epidemiologic grounds without waiting for confirmation of diagnosis (7, 14).

4.3 American Boutonneuse Fever (ABF)

4.3.1 Introduction and Background

Several years ago, investigators at the CDC discovered a new tick-borne disease,
or more accurately, a “disease within a disease,” because the new clinical entity
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Fig. 4.12 Recommended method for tick removal: grasp tick with forceps near “head” region and
pull straight off. Do not turn or twist. Disinfect bite site. (from US Army Center for Health
Promotion and Preventive Medicine, “Focus on Lyme Disease” Issue 9, Fall, 1996)

was apparently hidden within cases diagnosed as Rocky Mountain spotted fever
(RMSF). There are numerous spotted fever group (SFG) rickettsial species associ-
ated with ticks in the United States (see Table 4.1), but until recently, only one was
conclusively proved to be a human pathogen.

Over the course of several years, rickettsiologists speculated about the role of
so-called nonpathogenic rickettsiae in human disease, especially Rickettsia parkeri
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(15-17), which had been shown to cause mild clinical signs in guinea pigs and even
eschar-like necrosis at sites of tick attachment (18). Evidence that this species could
cause illness in humans was provided when Paddock and associates (19) isolated
R. parkeri from a patient with suspected rickettsialpox who was evaluated at the
Portsmouth Naval Medical Center, Portsmouth, VA. This was the first report of
human rickettsiosis caused by R parkeri; several others have followed (20, 21).

Because of the clinical similarities between disease caused by R. parkeri and an
illness in Europe and Africa termed “boutonneuse fever” (caused by a closely
related organism, Rickettsia conorii), a good descriptive moniker for this newly
recognized rickettsiosis is “American boutonneuse fever” (22).

4.3.2 Clinical and Laboratory Description of a Case of ABF

A 40-yr-old man from Virginia complained of fever, mild headache, malaise, dif-
fuse myalgias and arthralgias, and multiple eschars (spots of skin necrosis) on his
lower extremities. Four days earlier, he had noted three papules on his lower leg
that developed into pustules, then ulcerated. Two days after he noticed the papules,
systemic symptoms and a fever (temperature up to 39.2°C [102.5°F]) developed.
The patient had recently walked his dogs in a grassy field but did not recall any
tick or mite bites.

Treatment was begun with amoxicillin and clavulanic acid for secondarily
infected arthropod bites, but the patient’s symptoms did not improve. Within 12h, a
mildly pruritic, erythematous, maculopapular rash developed on his trunk and soon
spread to involve the palms and soles. Antibiotic therapy was changed to cephalexin,
but symptoms persisted.

An infectious disease consultation was obtained. A faint, diffuse, salmon-colored
rash was observed, predominantly on the abdomen (with some lesions on the extremi-
ties, hands, and face), along with a few scattered pustules. Three eschars, 1.5cm in
diameter, were identified on the pretibial aspect of the lower legs. Rickettsialpox was
diagnosed, and treatment with doxycycline was initiated. The patient’s fever, arthral-
gias, and myalgias resolved within 3d, and the rash resolved within 1 wk.

Serologic evaluation by the CDC revealed antibodies reactive with Rickettsia
akari and Rickettsia rickettsii, and SFG rickettsiae were visualized by immunohisto-
chemical staining of a skin biopsy specimen. Subsequently, an SFG rickettsia was
isolated in Vero cell culture from a second skin biopsy specimen. Molecular analy-
ses of the isolate from the biopsy specimen examining multiple rickettsial genes
confirmed the identity of the spotted fever rickettsia as R parkeri.

4.3.3 Ecology of ABF

Little is known at this time about the natural history and ecology of R parkeri. The
agent has been identified thus far from only two species of ticks — the Gulf Coast tick
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Fig. 4.13 Adult female Amblyomma maculatum, primary vector of ABF (photo courtesy
Dr. Blake Layton, Mississippi State University Extension Service, with permission)

and the Lone Star tick (2) — so either one could theoretically be a vector. Both species
likely are found in Virginia, where the patient acquired his infection, although the Gulf
Coast tick would probably be less common in that area than the Lone Star tick.

The Gulf Coast tick (Fig. 4.13) is generally found along portions of the Atlantic
Coast and Gulf Coast (generally 100 to 200 miles inland), south into Mexico and
portions of Central and South America (23, 24). The lone star tick occurs over much
of the eastern and south central U.S. Both species are large, fast-moving ticks that
aggressively bite humans (25). In addition, they both have immature stages (some-
times called “seed ticks”) during which they feed on a variety of animals and
ground-frequenting birds. Interestingly, peak seed tick activity is in August, the
month in which our patient became ill.

As for animal reservoirs of R. parkeri, any animal or bird on which the ticks
frequently feed could theoretically serve as a reservoir. Alternatively, the ticks them-
selves may turn out to be the reservoir, with transovarial and transstadial transmis-
sion of the agent occurring indefinitely.

The coexistence of multiple tick-borne SFG rickettsioses sharing common geo-
graphic distributions has been reported previously in southern Europe and Africa
(26, 27). The identities of individual and unique rickettsial agents may be obscured
when standard serologic assays or group-specific immunohistochemical staining
methods are used to confirm the diagnosis of an SFG rickettsiosis.

As mentioned, several SFG rickettsiae infect ticks (Fig. 4.14) and extensive anti-
genic crossreactivity exists among SFG rickettsiae. Therefore, most currently avail-
able tests are only group-specific and cannot be used to identify a particular species
(28). The cases reported by Paddock and associates (19, 21) demonstrate that estab-
lishing definitive causative associations for SFG rickettsiae is greatly facilitated by
clinical foresight and collection of appropriate diagnostic specimens during evalua-
tion of patients with febrile, eschar-associated illnesses.
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Fig. 4.14 Rickettsia parkeri in spot of tick blood (hemolymph) (photo courtesy Dr. Andrea
Varela-Stokes, Mississippi State University, used with permission)

4.3.4 Prevention and Treatment of ABF

Prevention and treatment of ABF is the same as that for Rocky Mountain spotted
fever (see above section).

4.4 Other Spotted Fever Group Rickettsioses

4.4.1 Boutonneuse Fever

Boutonneuse fever (BF), or Mediterranean spotted fever, caused by Rickettsia
conori, is widely distributed in Africa, areas surrounding the Mediterranean,
southern Europe, and India. The name is derived from the black, button-like lesion
(eschar) at the site of tick bite (Fig. 4.15). BF resembles a mild form of RMSF,
characterized by mild to moderately severe fever and a rash usually involving the
palms and soles. Several tick species serve as vectors of the agent to humans, but
especially Rhipicephalus sanguineus, R. appendiculatus, and Amblyomma
hebraeum (Fig. 4.16).
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Fig. 4.15 Typical eschar at site of tick bite (Armed Forces Institute of Pathology negative
no. D.4451)

Fig. 4.16 A. hebraeum, vector of boutonneuse fever and African tick bite fever (USAF photo
B. Burnes)
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4.4.2 African Tick-Bite Fever

African tick-bite fever (ATBF), caused by a relatively newly described spotted fever
group rickettsia, Rickettsia africae, is clinically similar to BF with the exception that
there is usually an absence of rash (or just a transient rash) in ATBF patients (1). The
disease is mild and is characterized by headache, fever, eschar at the tick bite site,
and regional lymphadenopathy. ATBF primarily occurs in sub-Saharan Africa,
where it is transmitted by various Amblyomma ticks, especially A. hebraeum (Fig.
4.16). Raoult and Olson (1) believe that ATBF is the most prevalent of the rickettsi-
oses in the world.

4.4.3 Siberian Tick Typhus

Siberian tick typhus (STT), or North Asian tick typhus, caused by Rickettsia siberica,
is very similar clinically to RMSF with fever, headache, and rash. The disease can be
mild to severe, but is seldom fatal. STT was first recognized in the Siberian forests and
steppes in the 1930s, but now is known to occur in many areas of Asiatic Russia and on
islands in the Sea of Japan. Various hard ticks are vectors of the agent, but especially
Dermacentor marginatus, D. silvarum, D. nuttalli, and Haemaphysalis concinna.

4.4.4 Queensland Tick Typhus

Queensland tick typhus (QTT), caused by Rickettsia australis, occurs in Australia. It
is primarily restricted to dense forests interspersed with grassy savanna or secondary
scrub. Most patients have fever, headache, and rash that may be vesicular and petechial
—even pustular. Commonly, there is an eschar at the site of tick bite. The agent of QTT
is transmitted to humans by the bite of an infected Ixodes holocyclus tick.

4.5 Ehrlichiosis

4.5.1 Introduction

Ehrlichia organisms belong to the family Anaplasmataceae and are small,
Gram-negative, pleomorphic coccobacilli, which primarily infect circulating
leukocytes. Much of the knowledge gained concerning ehrlichiae has come
from the veterinary sciences with intensive studies on Anaplasma marginale (in
cattle), Ehrlichia (Cowdria) ruminantium (in various ruminants), and Anaplasma
phagocytophilum (in animals such as horses, dogs, cattle and sheep). Significant
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emphasis was placed on the study of ehrlichiae when a disastrous epizootic of
canine ehrlichiosis wiped out 200-300 military working dogs during the
Vietnam War (29). Subsequently, the agent of canine ehrlichiosis was identified
and named Ehrlichia canis. In the United States, human cases of ehrlichiosis
were unknown until a report in March 1986 of a 51-yr-old man who had been
bitten by a tick in Arkansas and was sick for 5d before being admitted to a
hospital in Detroit (30). He was critically ill with malaise, fever, headache,
myalgia, pancytopenia, abnormal liver function, and renal failure. In addition,
he had high titers of E. canis antibodies that fell sharply during convalescence.
This created quite a stir with public health officials who began to think that
humans could acquire the dog disease. It turned out not to be the case. For this
reason, in the literature there are several reports from the late 1980s of human
infection with E. canis, when, in fact, human ehrlichiosis is caused by other
closely related Ehrlichia organisms. However, it must be noted that at least one
strain or subspecies of E. canis apparently can cause asymptomatic infection in
humans (31).

As of this writing, there are three ehrlichial species infecting humans in the
United States. One, Ehrlichia chaffeensis, the causative agent of human monocytic
ehrlichiosis (HME), occurs mostly in the southern and south-central US (sporadic
cases of HME have also been reported in southern and northern Europe), and
infects mononuclear phagocytes in blood and tissues (Fig. 4.17) (32). The average
reported annual incidence of HME in the U.S. is ~0.7 cases per million population

¥

Fig. 4.17 Canine macrophage with intracytoplasmic aggregations (morulae) (photo courtesy
Dr. Andrea Varela-Stokes, Mississippi State University, used with permission)
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(10). There were 743 cases reported in 2007 (33). There is some evidence that in
the US many strains of HME exist, with differences in pathogenicity, e.g. the
Arkansas strain and strain 91HE17 (34).

Another ehrlichial species, Anaplasma phagocytophilum, infects granulocytes
and causes human granulocytic anaplasmosis (formerly called HGE; now HGA); it
is mostly reported from New England and the North Central and Pacific States. The
average reported annual incidence of HGA is 1.6 cases per million population (10);
672 cases were reported in 2007 (33). Ehrlichia ewingii, mostly a dog and deer
pathogen, occasionally causes human illness, but primarily in immunocompro-
mised patients (35). The agent mostly occurs in the South Central and South
Atlantic states.

4.5.2 Clinical and Laboratory Findings

Clinical and laboratory manifestations of infection with HME or HGA are similar.
The patient usually presents with fever, headache, myalgia, progressive leukopenia
(often with a left shift), thrombocytopenia, and anemia. In addition, there may be
moderate elevations in levels of hepatic transaminases. Sometimes there is a cough,
gastroenteritis, or meningitis. Rash is observed only occasionally in HME and rarely
in HGA or E. ewingii infection. Illness owing to HME may be more serious than
with HGA; fatality rates are 2-3% and <1% for HME and HGA, respectively. Some
research has indicated that both ehrlichial agents alter the patient’s immune system,
allowing opportunistic infections to occur, such as fungal pneumonia (29, 32).
Diagnosis depends mainly on clinical findings, although serological tests may be
used to detect antibodies against the respective ehrlichial agent. For serological
diagnosis of HME, a fourfold increase in E. chaffeensis antibody titer (minimum 64)
or a single high serum antibody titer 2256 for a patient with a clinically compatible
history is considered serologically confirmed. Although not widely available, a sub-
stantial number of cases have been diagnosed by polymerase chain reaction (PCR)
amplification of DNA from patient blood or cerebrospinal fluid (CSF) by using
primers derived from E. chaffeensis species-specific nucleotide sequences of the 16S
rRNA gene (36). HGA may be diagnosed during the acute stage of illness by visu-
alization of Ehrlichia-laden morulae in peripheral blood neutrophils, but PCR detec-
tion of ehrlichial DNA has greater sensitivity (36). Visualization of morulae,
however, is extremely difficult, more so for HME vs. HGA. False positives may
occur because of toxic granulations, Dohle bodies, or superimposed platlets or con-
taminant particles that may be mistaken for organisms. For HGA, seroconfirmation
requires a serological reaction or fourfold increase in titer to A. phagocytophilum
antigen (minimum titer 80). Antibodies crossreactive with E. chaffeensis are mis-
leading diagnostically, but anti-A. phagocytophilum titers are consistently higher
than anti-E. chaffeensis titers in patients with HGA. As E. ewingii has not yet been
cultured and a specific serologic test is not available, diagnosis is primarily based on
molecular detection of organisms and evidence of morulae in neutrophils.
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4.5.3 Ecology of Ehrlichiosis

Ehrlichiosis is transmitted to humans via the bite of an infected tick. HME, prima-
rily occurring within the geographic distribution of the lone star tick (LST),
Amblyomma americanum, seems to have a close association with that tick and the
white-tailed (WT) deer. LST generally occur from central Texas east to the Atlantic
Coast and north to approximately lowa and New England (24) (Figs. 4.18 and
4.19). WT deer, possibly along with dogs, serve as reservoir hosts for the agent, and
LSTs are the likely vectors. However, detection of the HME agent in other ticks
such as the American dog tick, Dermacentor variabilis, in Arkansas and the occur-
rence of cases in the geographic range of D. variabilis outside that of A. america-
num suggest that other ticks may also be vectors of E. chaffeensis. LSTs are
extremely common in the southern US, with most people in rural areas being bitten
quite often. This fact itself may indicate relatively low infection rates with the
HME agent in nature. Otherwise, many more cases would probably occur.
Certainly, if tick exposure increases the risk of acquiring an infected tick also
increases. In one case I consulted on (as an Air Force medical entomologist), seven
soldiers with exposure to extremely high LST populations showed serological evi-
dence of ehrlichial infection; two had become clinically ill (37). On interview,
some of the soldiers detailed how they had often crawled on their stomachs through
brush and grassy areas, getting literally hundreds of ticks on them. Using a drag
cloth to collect ticks in the affected area, I collected 31,056 ticks (99.7% were LST)
over a 2-d period. Talk about a severe tick problem!

Little is known about the ecology of HGA at this time. It has mostly been diag-
nosed in patients from the upper midwest and northeastern United States, although
cases have occurred in southern states and California. The tick vector is Ixodes

Fig. 4.18 Adult female lone star tick, A. americanum; an aggressive human biting species (USAF
photo by B. Burnes)
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Fig. 4.19 Approximate geographic distribution of the lone star tick

scapularis (formally known as dammini in the north), the same species that transmits
the agent of Lyme disease (Figs. 4.20 and 4.21), thus the possibility of coinfection
with Lyme disease and HGE (and even babesiosis). In fact, concurrent infection
with tick-borne diseases does occur and has been reported (38). Possible animal
reservoirs of HGA include deer, elk, and wild rodents.

4.5.4 Treatment and Control of Ehrlichiosis

Prevention of ehrlichiosis is essentially the same as that of RMSF (see Sect. 4.2.4).
Dumler and Bakken (32) point out that treatment should be solely a tetracycline,
such as doxycycline (possibly rifampin may be an alternate for tetracycline-allergic
patients). Recommended therapy in adults or children is oral or intravenous doxycy-
cline (10). Tetracyclines typically are contraindicated for use during pregnancy but
might be warranted in life-threatening situations where clinical suspicion of tick-
borne rickettsial disease (TBRD) is high. Fever typically subsides within 24-48h
after treatment when the patient receives doxycycline or another tetracycline during
the first 4-5d of illness (10). If a patient fails to respond to early treatment, this
response might be an indication that their condition is not a TBRD.

4.6 Lyme Disease

4.6.1 Introduction

Lyme disease (LD) is a systemic tick-borne illness with many clinical manifesta-
tions. Although rarely fatal, the disease may be long and debilitating with cardiac,
neurologic, and joint involvement. Initial symptoms include a flu-like syndrome
with headache, stiff neck, myalgias, arthralgias, malaise, and low-grade fever. Often,
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Fig. 4.20 Adult female deer tick, I. scapularis (USAF photo by B. Burnes)

N

Fig. 4.21 Approximate geographic distribution of the deer tick

a more or less circular, painless, macular dermatitis is present at the bite site called
erythema migrans (EM). The EM lesion is sometimes said to be pathognomonic for
LD, although not all patients develop it. EM lesions may steadily increase in size
with or without subsequent central clearing. The number of reported LD cases has
increased steadily from 1981 to 2005; 23,305 cases were reported to the CDC in
2005 (39). Although cases occur in most states and the District of Columbia, the vast
majority are from the northeastern and north-central United States (Fig. 4.22).
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Fig. 4.22 Lyme disease case distribution, United States, 2005 (CDC figure)

4.6.2 Background and Historical Information

The story of the recognition of LD in the U.S. is fascinating. In 1975, geographic
clustering of children ill with what appeared to be juvenile rheumatoid arthritis
prompted researchers from Yale University School of Medicine to investigate this
“new” disease (40). Clues to the infectious nature of the disease included clustering
of cases, history of tick bite in most patients, and attenuation of the arthritis by anti-
biotic therapy. Soon the search was on for the causative agent of the disease.
A major breakthrough came in 1982. Serendipitously, Willy Burgdorfer, a medical
entomologist working at the Rocky Mountain Laboratories in Hamilton, Montana,
found spirochetes in the midgut of ticks sent to him from Shelter Island, New York
— a place known to have endemic LD. He rightly assumed that he had found the
sought after causative agent of LD and proceeded to culture the organism. In subse-
quent experiments using the newly found spirochetes and infected ticks, he demon-
strated EM lesions on white rabbits 10—-12wk after infected ticks had fed on them.
Other experiments showed that patient serum reacted strongly to the newly isolated
spirochete. Thus, Burgdorfer and colleagues are credited with finding the causative
agent of LD (41). The spirochete was subsequently named Borrelia burgdorferi in
honor of Burgdorfer. Later, additional conclusive evidence was produced when
Steere et al. (42) isolated the same spirochete out of blood and EM skin lesions of
patients with LD.

The historical background of the main tick vector of LD is filled with contro-
versy, not controversy about the tick’s identification, but, instead, what to call it.
There has been a deer tick, Ixodes scapularis, known to occur in the southern United
States since the 1800s (Fig. 4.20). During the early days of the investigation of LD,
a similar tick was described from the outbreak area in the northeastern United States.
It was morphologically very similar to I. scapularis but was thought to differ enough
to warrant species status. Thus, this “new” species was named Ixodes dammini (43),
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but shortly thereafter, tick taxonomists begin to recognize that although the two spe-
cies were different at the extremes of their distributions, in the intergrading zones
— where the two species met — they were extremely difficult to separate. Suggestions
soon circulated among tick specialists that the two species were one and the same.
Oliver et al. (44) addressed this issue, producing evidence showing mating compat-
ibility and genetic similarity, and thus claimed that the two were definitely one spe-
cies. Under rules set forth by the International Commission on Zoological
Nomenclature, the older name, /. scapularis, takes precedence. The name 1. dammini
goes away. However, some members of the scientific community still try to keep the
old name. This author considers the expertise of the one of the world’s foremost tick
taxonomists — James Keirans — to be authoritative in this matter, and he considers
them one species, 1. scapularis (45).

4.6.3 Clinical and Laboratory Findings

The LD national surveillance case definition says that a confirmed case of LD is
defined as a person with erythema migrans (EM), or a person with at least one late
manifestation and laboratory confirmation of infection (note: this is for surveillance
purposes — not clinical diagnosis). As mentioned earlier, EM is a skin lesion that
typically begins as a red macule or papule and expands over a period of days or
weeks to form a large round lesion, sometimes with partial central clearing. The
surveillance definition requires that EMs be at least Scm in diameter. However,
smaller and atypical lesions may occasionally occur. EM lesions must be distin-
guished from other lesions, such as strep and staph cellulitis, hypersensitivity reac-
tions to tick bite, plant dermatitis, various fungal infections, and granuloma annulare
(46). EM occurs in 60—80% of LD cases and is often accompanied by mild to moder-
ate constitutional symptoms such as fatigue, fever, headache, mild stiff neck, arthral-
gias, myalgias, and regional adenopathy (9). Untreated EM and associated symptoms
usually resolve in 3—4 wk. However, the disease often disseminates within weeks or
months, resulting in cardiac, neurologic, and joint manifestations. Symptoms may
include Lyme carditis, cranial neuropathy, radiculopathy, diffuse peripheral neu-
ropathy, meningitis, and asymmetric oligoarticular arthritis.

Immunoglobulin M (IgM) antibody generally first develops within 2—4 wk after
the appearance of EM, peaks after 6-8 wk of illness, and declines to normal range
after 4—6mo of illness in most patients (47). IgG levels are usually elevated within
6-8 wk after onset of LD. Laboratory evidence of infection with B. burgdorferi is
established when a laboratory:

1. Isolates the spirochete from tissues or body fluids or;

2. Detects diagnostic levels of IgM or IgG antibodies to the spirochete in serum or
CSF or;

3. Detects a significant change in antibody levels in paired acute and convalescent
serum samples.
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In addition, some labs and university medical centers have the capability of
detecting B. burgdorgferi DNA by PCR. PCR is a very useful laboratory tool. Body
fluids from patients, such as blood, urine, CSF, and synovial fluid, are good candi-
dates for PCR analysis. However, laboratories conducting PCR may become con-
taminated, leading to false-positives. Perhaps the best method of confirming
infection with LD at this time is detection of IgM and IgG antibodies with ELISA
tests, and confirming that with follow-up Western blot analysis. Western blotting is
valuable in distinguishing true-positive from false-positive ELISA results. Lab analy-
sis is complicated by the fact that persons who lack antibodies to B. burgdorferi dur-
ing early weeks of infection may not develop antibodies following antibiotic therapy
(48). On the other hand, patients who have antibodies to B. burgdorferi and who are
effectively treated and cured may continue to carry these immunoglobulins for sev-
eral months or years.

4.6.4 Ecology of LD

LD is solely tick-borne. In the United States, I. scapularis is the primary vector in
the East and Ixodes pacificus in the West. Each of the three motile life stages of hard
ticks must get on a host, feed, fall off, and then transform into the next stage. If no
blood-providing host is available, the ticks will perish. Therefore, an important
aspect of vector-borne disease ecology is host availability, and not just availability,
but diversity as well. If immature ticks feed on hosts that are refractory to infection
with the LD spirochete, then overall prevalence of the disease agent in an area will
decline. On the other hand, if an abundant host is available that also is able to be
infected with B. burgdorferi producing long and persistent spirochetemias, then
prevalence of tick infection increases. This is precisely the case in the northeastern
and upper midwestern states. In those areas, the primary host for immature /. scapu-
laris is the white-footed (WF) mouse, which is capable of infecting nearly 100% of
larval ticks during feeding. Since infection can be transferred from tick stage to tick
stage, this obviously leads to high numbers of infected nymphs and adults. In the
West and South, tick infection rates are much lower (and hence, lower numbers of
LD cases). This is attributed to the fact that immature stages of 1. scapularis and
L pacificus feed primarily on lizards, which are incompetent as reservoirs and inca-
pable of infecting ticks. Another factor affecting the dynamics of LD is the fact that
nymphal I. scapularis are the stage primarily biting people and transmitting the
disease agent in the Northeast, whereas in the South, nymphal 1. scapularis rarely,
if ever, bite humans. In fact, they are very difficult to find even in areas known to
have them (49). Adult ticks are certainly capable of transmitting the LD agent in all
areas — North, South, or West — but adult ticks are large enough to be easily seen and
removed by people. Nymphs, on the other hand, are about the size of the head of a
pin and may be easily overlooked or confused with a freckle.

Other tick species may be involved in the ecology of LD. In the southern United
States, there have been reports for years about an LD-like illness (50), which other
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researchers have voiced doubts about — doubts regarding whether or not it is true LD.
In fact, the CDC often labels these southern Lyme-like illnesses as Southern Tick-
associated Rash Illness (STARI) or Master’s Disease. Also, it has been widely known
for some time that a small percentage of LSTs, A. americanum, harbor spirochetes that
react with reagents prepared against B. burgdorferi and/or can be detected by PCR
(51). These spirochetes have provisionally been named B. lonestari and have been
linked to at least one case of erythema migrans (52, 53). Whether or not this agent is
responsible for a significant portion of cases of STARI is yet to be determined.

4.6.5 Treatment

Early LD responds readily to oral antibiotics, such as doxycycline, amoxicillin,
cefuroxime, or azithromycin, which are generally prescribed for 2-3 wk (9, 46).
The duration of antibiotic administration should be individualized according to the
severity of illness and the rapidity of clinical response. Late LD may be more difficult
to treat, and the choice of drugs and duration of treatment are controversial. However,
intravenous ceftriaxone or penicillin are often used for 2-3 wk (9). Deciding who to
treat is frequently a problem since early LD is diagnosed by clinical presentation
alone. Also, as mentioned above, the disease’s most recognized sign (EM) may be
confused with other skin lesions. Also, in many bona fide cases of LD, patients are
initially seronegative and will remain so if antibiotic treatment is begun.

4.7 Tularemia

4.7.1 Introduction and Medical Significance of Tularemia

Tularemia, sometimes called rabbit fever or deer fly fever, is a bacterial zoonosis
that occurs throughout temperate climates of the northern hemisphere. Approximately
150-300 cases occur in the United States each year, but most cases occur in
Arkansas, Missouri, and Oklahoma (9). The causative organism, Francisella tula-
rensis, is a small, Gram-negative, nonmotile cocco-bacillus named after Sir Edward
Francis (who did the classical early studies on the organism) and Tulare, California
(where it was first isolated). The disease may be contracted in a variety of ways —
food, water, mud, articles of clothing, and (particulary) arthropod bites. Arthropods
involved in transmission of tularemia include ticks, biting flies, and possibly even
mosquitoes (Fig. 4.23). Ticks account for more than 50% of all cases, especially
west of the Mississippi River (9). There are four subspecies of tularemia organisms
(54). Two of them are primarily associated with human disease, namely F. tularensis,
subspecies holarctica (Jellison type B) and F tularensis subspecies tularensis
(Jellison type A) (55). Type A is the most virulent and is present only in North
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b c

Fig. 4.23 Some arthropods reported to be involved in transmission of tularemia to humans: a tick,
b deer fly, ¢ mosquito (provided with permission by Infections in Medicine 1998; 15: 306)

America. Tularemia may present as several different clinical syndromes, including
glandular, ulceroglandular, oculoglandular, oropharangeal, pneumonic, and typhoi-
dal (56). In general, the clinical course is characterized by an influenza-like attack
with severe initial fever, temporary remission, and a subsequent febrile period of at
least 2wk. Later, a local lesion with or without glandular involvement may occur.
Additional symptoms vary depending on the method of transmission and form of the
disease (see discussion below). Untreated, the mortality rate for tularemia is as high
as 30%; early diagnosis and treatment can reduce that to 1-2% (55, 57).

4.7.2 Clinical and Laboratory Findings

Depending on the route of entry of the causative organism, tularemia may be clas-
sified in several ways. The most common is ulceroglandular — resulting from cuta-
neous inoculation — characterized by an ulcer with sharp undermined borders and a
flat base. Location of the ulcers may help identify the mode of transmission. Ulcers
on the upper extremities are often a result of exposure to infected animals, whereas
ulcers on the lower extremities, back, or abdomen most often reflect arthropod
transmission. When there is lymphadenopathy without an ulcerative lesion, the
classification of glandular tularemia is used. If the tularemia bacterium enters via
the conjunctivae, oculoglandular tularemia may result. Oropharyngeal tularemia
results from ingestion of contaminated food or water. If airborne transmission of
the agent is involved, the pneumonic form occur. These patients often present with
fever, a nonproductive cough, dyspnea, and chest pain. Finally, tularemia may be
classified as typhoidal, characterized by disseminated infection mimicking typhoid
fever, brucellosis, tuberculosis, or some of the RMSF-type infections.

Patients with tularemia may or may not show abnormal white blood cell counts
(WBCQ), platelet counts, and sedimentation rate. Hyponatremia, elevated serum
transaminases, increased creatine phosphokinase, and myoglobinuria have been
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reported (57). The standard serologic test used to confirm tularemia has historically
involved tube agglutination of a bacterial suspension. The test is quite specific for
tularemia, although it can crossreact with Brucella (9). An acute agglutination titer of
1:160 is supportive of a tularemia diagnosis, but definitive evidence of recent infec-
tion comes from a fourfold rise in titer between acute and convalescent specimens.

4.7.3 Arthropod Transmission of the Tularemia Organism

Original work by Francis in the 1920s established that the plague-like disease of
rodents in California and Utah was caused by Bacterium tularense (the name was later
changed to F tularensis), transmitted by deer flies (58, 59). Later, Parker et al. reported
finding the organism in the Rocky Mountain wood tick, D. andersoni (60). By the
1930s, tularemia organisms had been found naturally occurring in several tick species,
and new information was acquired about the animal hosts and various methods of
tularemia transmission. Tularemia was turning out to be a complex zoonosis.

In subsequent field studies, many animals were found with evidence of
tularemia infection, but determining the actual reservoirs was not an easy task.
Hopla (61) has detailed the history of tularemia and summarized field and labora-
tory data on its ecology. Numerous animal species are susceptible to tularemia (at
least 47 species of mammals and birds), but especially the cottontail rabbit (61).
Many cases of tularemia result from skinning rabbits during hunting season. In
fact, two peaks of tularemia case numbers may often be seen in the southern
states — one in the summer resulting from tick bites, and the other in the fall
resulting from skinning rabbits. Dogs and cats are not thought to be reservoirs of
FE. tularensis or essential for maintenance of the organism in an ecosystem.
However, they may be disseminators of the tick vectors (particularly the American
dog tick), bringing ticks into close contact with humans (56, 59). It is also pos-
sible for cats to transmit the bacteria via the claws after killing or feeding on
infected prey (62).

Tularemia infection in ticks occurs in both the gut and body tissues and hemol-
ymph fluid (tick blood). Infection is known to persist for many months and even
years in some species. Tularemia organisms may be passed from tick stage to tick
stage, and to the offspring of infected female ticks. The three major North American
ticks involved in transmission of tularemia organisms are the LST, A. americanum
(Fig. 4.15), the Rocky mountain wood tick, D. andersoni (Fig. 4.5), and the
American dog tick, D. variabilis (Fig. 4.7). Both the LST and the American dog
tick occur over much of the eastern United States; the Rocky mountain wood tick
occurs in the West. All three of these tick species are avid human biters. In fact, the
LST is so numerous in the southern and south central United States that almost
every person who goes outdoors gets bitten by one or more stages of this tick.
However, not all ticks (even within a vector species) are infected — generally only
a very small percentage. In Central and Western Europe, Ixodes ricinus is probably
a vector (Fig. 4.24). D. nuttalli may be a vector in Russia.
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Fig. 4.24 I ricinus, vector of LD, babesiosis, TBE, and tularemia organisms in Western and
Central Europe (USAF photo by B. Burnes)

Other arthropods are involved in the transmission of tularemia organisms as well,
though not to the extent that ticks are. Some species of deer and horse flies are
proven vectors (Fig. 4.23b). In fact, the original study by Francis and Mayne dem-
onstrated transmission by the deer fly, Chrysops discalis (26). Mosquitoes may be
involved in transmission, but information is scant at this time. Extreme caution
should be exercised in making interpretations whenever tularemia organisms are
isolated from insects. It is fairly common for a blood-feeding arthropod to “pick up”
microbial pathogens with their bloodmeal. Isolation of an etiologic agent from a
blood-feeding arthropod in no way implies that the arthropod is an effective vector
of that agent. Myriad factors influence vector competence (i.e., ability or inability to
pick up a pathogen and later transmit it to another host) (see Chap. 2).

4.7.4 Treatment

The drug of choice for treatment of tularemia is streptomycin, although the recent
lack of availability of this drug has forced many health care providers to try alterna-
tive antimicrobials, such as gentamicin, tetracycline, chloramphenicol, and others
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(62, 63). Unfortunately, controlled studies are lacking to support the efficacy of some
of these products, and some agents are only inhibitory — not bactericidal — thus lead-
ing to relapses. A review of the literature found the following cure rate data for some
of the most effective agents: streptomycin — 97%; gentamicin — 86%; tetracycline —
88%; and chloramphenicol — 77% (63). Tetracycline was shown to be associated
with twice as many relapses as gentamicin. The authors of that study concluded that
gentamicin was comparable to streptomycin in efficacy against tularemia (62).

4.8 Human Babesiosis

4.8.1 Introduction and Medical Significance

Human babesiosis is a tick-borne disease primarily caused by two protozoa of the
order Piroplasmida, family Babesiidae: Babesia microti and Babesia divergens,
although other newly recognized species may also cause human infection (64).
The disease is a malaria-like syndrome characterized by fever, fatigue, and hemo-
lytic anemia lasting from several days to a few months. In terms of clinical mani-
festations, babesiosis may vary widely from asymptomatic infection to a severe,
rapidly fatal disease. The first demonstrated case of human babesiosis in the world
was reported in Europe in 1957 (65). Since then, there have been about 30 addi-
tional cases in Europe (64, 65). Most European cases occurred in asplenic indi-
viduals and were caused by Babesia divergens, a cattle parasite. In the United
States, there have been hundreds of cases of babesiosis (most people with intact
spleens) caused by Babesia microti, mostly from southern New England, and spe-
cifically Nantucket, Martha’s Vineyard, Shelter Island, Long Island, and
Connecticut (66, 67). The tick vector in Europe is believed to be the European
castor bean tick, I. ricinus (Fig. 4.24), one of the most commonly encountered
ticks in central and western Europe (24). In the United States, most cases of babe-
siosis are caused by bites from the same tick that transmits the agent of Lyme
disease, 1. scapularis (68) (Figs. 4.20 and 4.21).

4.8.2 Clinical and Laboratory Findings

Babesiosis is clinically very similar to malaria; in fact, confusion between the
two diseases is often reported in the scientific literature (69). Headache, fever,
chills, nausea, vomiting, myalgia, altered mental status, disseminated intravascu-
lar coagulation, anemia with dyserythropoiesis, hypotension, respiratory distress,
and renal insufficiency are common to both diseases. However, the symptoms of
babesiosis do not show periodicity. The incubation period varies from 1 to 4 wk.
Physical exam of patients is generally unremarkable, although the spleen and
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liver may be palpable. Lab findings may include hemoglobinuria, anemia, and
elevated serum bilirubin and transaminase levels (67, 68). Diagnosis of babesio-
sis is usually based on recognition of the organism within erythrocytes in
Giemsa-stained blood smears, although PCR with specific Babesia primers may
be more sensitive. The small parasites, several of which may infect a single red
blood cell and which appear much like Plasmodium falciparum, can be differenti-
ated from malarial parasites by the absence of pigment (hemozoin) in the infected
erythrocytes (67). Laboratory animals may be useful in diagnosis of babesiosis.
Specialized laboratories have the capability to inject patient blood into hamsters
and subsequently detect parasitemias 2—4 wk after inoculation. IFA can be used
to detect specific antibodies in patient serum. Serologic diagnosis can be estab-
lished by a fourfold or greater rise in the serum titer between the acute phase and
the convalescent phase.

4.8.3 Species of Babesia and Their Ecology

Babesial parasites, along with members of the genus Theileria, are called
piroplasms because of their pear-shaped intraerythrocytic stages. There are at
least 100 species of tick-transmitted Babesia, parasitizing a wide variety of ver-
tebrate animals. Some notorious ones are as follows: Babesia bigemina, the
causative agent of Texas cattle fever; Babesia canis and Babesia gibsoni, canine
pathogens; Babesia equi, a horse pathogen that occasionally infects humans;
Babesia divergens, a cattle parasite that infects humans; and Babesia microti, a
rodent parasite that infects humans. Recently, new Babesia species have been
recovered from ill humans and have tentatively been variously designated as the
WAL agent, the CA1 agent, or the MO1 agent (64, 65, 70). The WA1 agent,
isolated from a patient in Washington State, was particularly interesting because
the man was only 41 yr old, had an intact spleen, and was immunocompetent (70).
Although the parasites were morphologically identical to B. microti, the patient
did not develop a substantial antibody to B. microti antigens. Subsequent DNA
sequencing of the organism indicated that it was most closely related to the
canine pathogen B. gibsoni. The probable tick vector for the WA1 agent is the
western black-legged tick, 1. pacificus. Obviously, there is much more to be
learned about the many and varied Babesia species, and their complex interac-
tions with animals in nature.

On the other hand, the life cycle of B. microti — the one causing American
babesiosis in the northeastern United States — is fairly well known. Rodents serve
as natural reservoirs for the parasite. B. microti multiplies readily in hamsters and
the white-footed (WF) mouse, Peromyscus leucopus. In fact, the WF mouse is the
preferred natural host for B. microti and is also the host for immature . scapularis
ticks (38, 68). Immature stages of the ticks “pick up” the parasites in their blood
meal from the rodents and subsequently transmit them (in a later tick stage) to a
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vertebrate host, but factors affecting the host—vector—pathogen relationship are
ever-changing. WF mouse populations are cyclic, depending on food sources, and
are more abundant some years compared to others. If ticks happen to feed during
those times on an animal (such as a squirrel) that is somewhat refractory to infec-
tion with B. microti, then the diversion from reservoir-competent hosts depresses
the overall infection rate in ticks and mice. Deer play a role as well — but not as
reservoirs — in providing a blood meal for the adult 1. scapularis. More deer ulti-
mately lead to more ticks. Therefore, prevalence of B. microti infection in an area
depends on the complex interactions of WF mice, the parasite, and deer.

4.8.4 Treatment and Control

Standard treatment of symptomatic B. microti infection has been quinine sulfate
plus clindamycin (38, 65); however, a drug regimen consisting of atovaquone and
azithromycin has been shown to be effective when clindamycin and quinine fail
(71). Prevention and control of the disease in the community involve personal pro-
tection measures against ticks (see Sect. 4.2.4.), searching for and removing
promptly any attached ticks, pesticidal treatment of lawns and parks to reduce tick
numbers, and possibly host animal management (deer reduction).

4.9 Viruses Transmitted by Ticks

4.9.1 Introduction

People usually associate arboviral encephalitis and dengue-like fevers with mosqui-
toes. However, ticks may also be involved in the transmission of these type of
agents. Tick-borne viral diseases (nonhemorrhagic) can be generally grouped into
two categories — the encephalitides group and the dengue fever-like group. The
former, containing viral diseases clinically resembling the mosquito-borne encepha-
litides, includes the tick-borne encephalitis (TBE) subgroup (and various subtypes).
Specific diseases in this subgroup have historically included Central European
TBE, Russian spring-summer encephalitis (RSSE), Louping ill, and Powassan
encephalitis (POW). The virus species have been variously renamed and re-grouped
as: Far Eastern (previously RSSE), Siberian (previously West-Siberian), and
Western European (previously Central European encephalitis) (72). Historically,
POW has been the only one of these occurring in North America. (Note: The
viruses of Omsk hemorrhagic fever and Kyasanur forest disease are in the TBE
complex, but produce hemorrhagic fevers and also differ in many other epidemio-
logic and ecologic features. Therefore, they will not be discussed here.) The major
dengue-like viral disease transmitted by ticks is Colorado tick fever (CTF).
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4.9.2 Tick-Borne Encephalitis (TBE)

4.9.2.1 Clinical and Epidemiologic Features

TBE should be considered a general term encompassing several diseases caused by
similar flaviviruses spanning from the British Isles (Louping ill), across Europe
(Central European TBE), to the Far East (RSSE and similar syndromes). These dis-
eases also differ in severity — Louping ill being the mildest, and Far-Eastern form
(RSSE) being the worst. In Central Europe, the typical case has a biphasic course
with an early, viremic, flu-like stage, followed about a week later by the appearance
of signs of meningoencephalitis (73). Central nervous system (CNS) disease is rela-
tively mild, but occasional severe motor dysfunction and permanent disability occur.
The case fatality rate is 1-5% (74). RSSE (sometimes referred to as the Far Eastern
form) is characterized by violent headache, high fever, nausea, and vomiting.
Delirium, coma, paralysis, and death may follow; the mortality rate is about 25-30%
(75). Louping ill — named after a Scottish sheep disease — in humans also displays a
biphasic pattern and is generally mild (7). As mentioned, the virus infects sheep; few
cases are actually ever reported in humans. Reported case numbers for TBE are esti-
mated to be as many as 14,000 per year (76). Transmission to humans is mostly by
the bite of an infected tick. However, infection may also be acquired via consuming
infected milk and uncooked milk products. The distribution and seasonal incidence
of TBE are closely related to the activity of the tick vectors — . ricinus in western and
central Europe (Fig. 4.24), and Ixodes persulcatus in central and eastern Europe
(there is overlap of the two species). 1. ricinus is most active in spring and autumn.
Two peaks of activity may be observed: one in late March to early June, and one from
August to October. I. persulcatus is usually active in spring and early summer.
Apparently, 1. persulcatus is more cold hardy than /. ricinus, thus inhabiting harsher,
more northern areas.

POW - also in the TBE subgroup — is a rare infection of humans that mostly
occurs in the northeastern United States and adjacent regions of Canada.
Characteristically, there is sudden onset of fever with temperature up to 40°C along
with convulsions. Also, accompanying encephalitis is usually severe, characterized
by vomiting, respiratory distress, and prolonged, sustained fever. Only about 30
cases of POW have been reported in North America (77, 78). Recognized cases have
occurred in children and adults, with a case fatality rate of ~15% (78). POW is trans-
mitted in an enzootic cycle among ticks (primarily Ixodes cookei) and rodents and
carnivores. I. cookei only occasionally bites people — this may explain the low case
numbers. Antibody prevalence to POW in residents of affected areas is <1%, indicat-
ing that human exposure to the virus life cycle is a rare event (73).

4.9.2.2 Diagnosis and Treatment

Definitive diagnosis of TBE is based on isolating the virus from blood or CSF or
from postmortem tissues; by PCR; or serologic tests of paired sera; or demonstration
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of specific IgM in acute serum. Virus isolation is generally an option only at major
research hospitals or government institutions. Hemagglutination inhibition is often
used to detect antibody rises between early and late serum samples. Enzyme-linked
immunosorbent assay (ELISA) tests are used to indicate presence of specific IgM.
Treatment is supportive only; no specific treatment is available. A vaccine for TBE
(FSME-ImmunlInject® Baxter-Immuno, Vienna, Austria) has been shown to be safe
and effective through 30yr of routine use in central Europe (79, 80).

4.9.3 Colorado Tick Fever (CTF)

4.9.3.1 Clinical and Epidemiologic Features

CTF is a generally moderate, acute, self-limiting, febrile illness caused by an
Orbivirus (some now say Coltivirus) in the Reoviridae. Typically, onset of CTF is
sudden, with chilly sensations, high fever, headache, photophobia, mild conjuncti-
vitis, lethargy, myalgias, and arthralgias. The temperature pattern may be biphasic,
with a 2-3-d febrile period, a remission lasting 1-2d, then another 2-3d of fever,
sometimes with worse symptoms (81). Rarely, the disease may become severe in
children with encephalitis, myocarditis, or tendency to bleed. Infrequently, a tran-
sient rash may accompany infection. Recovery is usually prompt, but a few fatal
cases have been reported. CTF occurs in areas above 4,000 feet in at least 11 west-
ern states (South Dakota, Montana, Wyoming, Colorado, New Mexico, Utah,
Idaho, Nevada, Washington, Oregon, and California) and in British Columbia and
Alberta, Canada. Exact case numbers are hard to ascertain, since many cases may
be so mild that ill persons fail to seek medical care, but 200—400 cases are reported
in the United States annually. Peak incidence is during April and May at lower
elevations and during June and July at higher elevations. The virus is maintained in
nature by cycles of infection among various small mammals and the ticks that para-
sitize them. Infection in humans is by the bite of an infected tick. Several tick spe-
cies have been found infected with the virus, but D. andersoni (Fig. 4.5) is by far
the most common. D. andersoni is an avid human biter occurring in the Rocky
Mountain region of the United States and Canada. It is especially prevalent where
there is brushy vegetation to provide good protection for small mammalian hosts of
immature ticks and yet with sufficient forage to attract large hosts required for the
adults (24).

4.9.3.2 Diagnosis and Treatment

CTF can be confirmed by isolating the virus from blood by inoculation of suckling
mice or cell-culture lines. In addition, some labs use fluorescent antibody testing to
detect viral antigen in peripheral blood smears. This procedure reportedly allows
rapid and early confirmation of the disease (81). No specific treatment is available.
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4.10 Tick-Borne Relapsing Fever (TBRF)

4.10.1 Introduction and Medical Significance

TBRF is a systemic spirochetal disease characterized by periods of fever lasting 2-9d
alternating with afebrile periods of 2—4 d. The disease is endemic across central Asia,
northern Africa, tropical Africa, parts of the Middle East, and North and South
America (82). Symptoms include high fever, headache, prostration, myalgias, and
sometimes gastrointestinal manifestations. Untreated, the mortality rate is between
2% and 10%. Several hundred cases are reported worldwide each year, with ~30-50
of those being diagnosed in the United States (primarily in Washington, Oregon, and
northern California). Outbreaks in the western United States have most often been
associated with mountain cabins or rented state or federal park cabins (83-85).

4.10.2 Clinical and Laboratory Findings

After an incubation period of about 8d (range 5-15), patients with TBRF usually
begin to have recurrent bouts of fever (Fig. 4.25). The total number of relapses can
vary from 1 to 10 (sometimes more), lasting a week or more each time. The relaps-
ing nature of this illness is thought to be related to various antigenic variants. As an
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Fig. 4.25 Recurring clinical symptoms of a 13-yr-old boy with TBRF (redrawn in part from
Thompson et al. (84))
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immune response develops to the predominant antigenic strain, variant strains mul-
tiply and cause a recrudescent infection. Transitory petechial rashes are common
during the initial febrile period. Gastroenteritis-like symptoms may accompany
infection. In some cases, there may be meningeal inflammation and peripheral facial
palsy (86, 87). High perinatal mortality may also result from TBRF infection; one
study in Africa showed the total loss of pregnancies including abortions to be
475/1,000 (88). Laboratory findings may include neutrophilic pleocytosis of the
CSF, peripheral leukocytosis, thrombocytopenia, and hypophosphatemia. Diagnosis
is usually made by demonstration of the spirochetes in dark-field preparations of
fresh blood or stained thick or thin blood films (Fig. 4.26), or by intraperitoneal
inoculation of laboratory rats or mice with blood taken during the febrile period (7).
When scanning fresh blood samples by dark-field microscopy, spirochetes can be
readily detected under low power (400x) because of the organisms’ characteristic
locomotion consisting of helical rotation and twisting movements in both directions.
TBREF spirochetes have an affinity for acid dyes and stain readily with aniline dyes.

Fig. 4.26 Relapsing fever spirochetes in blood (Armed Forces Institute of Pathology negative no.
77348)
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Giemsa stain is used most often for staining spirochetes in thick and thin film prepa-
rations. Although not widely available, serologic testing for TBRF may be aided by
an ELISA. The CDC’s Division of Vector-borne Infectious Diseases, Center for
Infectious Diseases, can be consulted for help with suspicious febrile illnesses.

4.10.3 The Etiologic Agent and Its Relationship
to Louse-Borne Relapsing Fever

Relapsing fever is both tick-borne and louse-borne. Louse-borne relapsing fever is
caused by Borrelia recurrentis and is called epidemic relapsing fever. The tick-borne
disease, endemic relapsing fever, is said to be caused by many different species of
Borrelia closely related to B. recurrentis. For example, Borrelia hermsi is the spiro-
chete found in the tick, Ornithodoros hermsi; Borrelia turicata is the one found in
Ornithodoros turicata; and so forth. The idea is that each strain of B. recurrentis is
“tick-adapted” to the point of being a distinct entity (species). Some scientists disa-
gree, saying that all relapsing fever in humans — louse-borne and tick-borne — is
caused by the same organism — B. recurrentis or various tick-adapted strains thereof.
It becomes a matter of “splitting” or “lumping” species. This author is a lumper,
preferring to call them all B. recurrentis. However, there may be merit in retaining
the various tick-borne “species” names for epidemiological labeling purposes. For
example, using the name B. hermsi helps the reader know that we are talking about
the TBRF spirochete associated with the tick, O. hermsi.

4.10.4 Ecology of TBRF

TBREF spirochetes are transmitted to humans by several species of soft ticks in the
genus Ornithodoros. Soft ticks are not commonly encountered by people in the
United States (They are not the ones that firmly attach to dogs, cats, horses, cows,
humans, and so forth). They are leathery, wrinkled, or granulated organisms, often
grayish in color, which live in deserts, or under dry conditions in wet climates, hid-
ing in crevices or burrowing into loose soil. Soft ticks are adapted for feeding rapidly
and leaving promptly; they are rarely ever collected on a host. They can survive
many years without a blood meal. Since soft ticks generally feed for only a short
period of time (30min or so), the victim may be unaware of any recent tick bites.
Rodents and other mammals serve as a natural source of infection for ticks, and
transmission is by tick bite (saliva) and also sometimes through contamination of the
bite wound with infective coxal fluid produced by feeding ticks just before they
detach. Transstadial and transovarial transmission of the agent occurs readily. Thus,
the ticks are reservoirs of infection. Geographic foci of TBRF infection are restricted
to Ornithodoros-infested areas, such as huts, caves, log cabins, cattle barns, and
uninhabited houses.
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Known vectors of TBRF in the western United States include O. hermsi, O. parkeri,
and O. turicata. O. hermsi is a rodent parasite that is widespread in the Rocky
Mountain and Pacific Coast states (Figs. 4.27 and 4.28). They are often found infest-
ing corners and crevices of vacation or summer cabins. O. turicata is found in the
southwestern United States, extending southward into Mexico (Figs. 4.28 and 4.29).
This species is often found in burrows used by rodents or burrowing owls. In Central
and South America Carios (=Ornithodoros) rudis is considered the most important
vector. It feeds on domestic birds and humans. In Africa, Ornithodoros moubata and
Ornithodoros erraticus are proven vectors (Fig. 4.30). O. moubata feeds on humans,
warthogs, domestic pigs, antbears, and porcupines. It is often found in cracks in
walls and in earthen floors of huts.

4.10.5 Treatment and Control

Tetracyclines are effective against TBRF. Oral tetracycline for 7d has been reported
to be successful (89), and at least one seriously ill patient was given intravenous
doxycycline (87). A Jarisch-Herxheimer reaction may follow treatment (90).
Prevention of relapsing fever consists of avoiding tick-infested areas or, when this
is not possible, reducing the possibility of tick bites by using repellents or insecti-
cides. Additional measures include fumigating rodent nesting sites in human habita-
tions, “rodent-proofing” buildings in endemic areas, and eliminating rodent access
to unnatural food sources.

Fig. 4.27 Adult O. hermsi, one of the principal vectors of relapsing fever in the western US (US
Air Force figure)
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\ O.p

Tick-borne (endemic) relapsing fever
O.h — Omithodoros hermsi

Op — Q parker

Ot — O turicata

Or — QO mdis

Fig. 4.28 Approximate geographic distribution of TBRF and its vectors in the New World (World
Health Organization Publ. WHO/VBC/89.967)

Fig. 4.29 Adult O. turicata, a major vector of relapsing fever in the southwestern US and Mexico
(US Air Force figure)
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Y O 0.e-Ornithodoros erraticus
0.th-0.tholozani
0.m/0.p-0.moubata/O.porcinus

Fig. 4.30 Approximate geographic distribution of TBRF and its vectors in the Old World (World
Health Organization Publ. WHO/VBC/89.967)

4.11 Tick Paralysis

4.11.1 Introduction and Medical Significance

Tick paralysis is characterized by an acute, ascending, flaccid motor paralysis that
may terminate fatally if the tick is not located and removed. The causative agent is
believed to be a salivary toxin produced by ticks when they feed. In the strictest
sense, tick paralysis is not a zoonosis; however, many contend that zoonoses should
include not only infections that humans acquire from animals, but also diseases
induced by noninfective agents, such as toxins and poisons (91). The disease is
more common than one might think (Fig. 4.31). In North America, hundreds of
cases have been documented from the Montana-British Columbia region (92, 93).
It occurs in the southeastern United States as well; six cases were seen at the
University of Mississippi Medical Center over a 5-yr period (94). Clusters of tick
paralysis may occur (95). Tick paralysis is especially common in Australia.
However, sporadic cases may occur in Europe, Africa, and South America.

4.11.2 Clinical Features

The site of tick bite in a case of tick paralysis looks no different from that in cases
without paralysis. There is a latent period of 4-6d before the patient becomes restless
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and irritable. Within 24 h, there is an acute ascending lower motor neuron paralysis
of the Landry type. It usually begins with weakness of the lower limbs, progressing
in a matter of hours to falling down and obvious incoordination, which is principally
owing to muscle weakness, although rarely there may also be true ataxia (96).
Finally, cranial nerve weakness with dysarthria and dysphagia leads to bulbar
paralysis, respiratory failure, and death. In children, presenting features may include
restlessness, irritability, malaise, and sometimes anorexia and/or vomiting (96). A
tick may be found attached to the patient, usually on the head or neck. Some contro-
versy occurs over whether or not severity of symptoms is related to the proximity of
the attached tick to the patient’s brain (97). In one study, the case fatality rate in
patients with ticks attached to the head or neck was higher than that in patients with
ticks attached elsewhere; however, the difference was not statistically significant
(93). Although ticks causing paralysis are often attached to the head or neck, it must
be noted that cases of paralysis may occur from tick bites anywhere on the body
(published examples — external ear, breast, groin, and back (96)). Once the tick is
found and removed, all symptoms usually disappear rapidly (but there are exceptions
—see Sect. 4.11.4).

4.11.3 Ticks Involved and Mechanism of Paralysis

As many as 43 tick species in 10 genera have been incriminated in tick paralysis in
humans, other mammals, and birds (98). However, human cases of the malady
mostly occur in only a few geographic regions, caused by three main tick species. In
the northwestern United States and British Columbia region of North America, the
Rocky Mountain wood tick, D. andersoni, is the principal tick involved (Figs. 4.5
and 4.6). This tick is an avid human biter and also is known to be a vector of RMSF
organisms and CTF virus. In the southeastern United States, a kissing cousin of the
Rocky Mountain wood tick, D. variabilis, known as the American dog tick, is the
main cause of tick paralysis (Figs. 4.7 and 4.8). This tick, commonly found on dogs,
cats, and other medium-sized mammals, is also a common human biter in the sum-
mer months. Human cases in Australia are primarily caused by the Australian
paralysis tick, 1. holocyclus (Figs. 4.32 and 4.33). This species is found primarily in
heavily vegetated rain forest areas of eastern coastal Australia where the bandicoot
is one of its main natural hosts. Beside humans and bandicoots, it also bites sheep,
cattle, dogs, cats, other mammals, and birds. Another species involved in human
paralysis in Australia is Ixodes cornuatus.

Interestingly, not all feeding female ticks — even of the species known to cause
paralysis — produce paralysis. Why, out of hundreds of tick bites, does one result in
paralysis? There is some evidence that in cattle, sheep, and dogs numerous ticks
feeding simultaneously (to reach a minimum dose) is necessary to elicit paralysis
(92). In humans, however, one tick is usually involved.

Most researchers believe that tick paralysis is caused by a toxin, but its nature is
not well characterized (91). Generally, it is thought that the toxin is produced in the
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Fig. 4.32 Adult female . holocyclus tick; primary cause of tick paralysis in Australia (USAF
Publ. USAFSAM-89-2)

Fig. 4.33 Approximate geographic distribution of 1. holocyclus (USAF Publ. USAFSAM-89-2)

salivary glands of the female tick as she feeds. One alternative view would be that
the toxin is produced in tick ovaries and subsequently passes to the salivary glands
during later stages of tick engorgement. Although the vast majority of cases are
owing to female ticks, there are reports of male ticks causing limited paralysis. This
fact seems to argue against the ovary toxin theory. There are other theories for the
cause of the paralysis, such as host reactions to components of the tick saliva or pos-
sibly symbiotic rickettsial organisms commonly found in tick salivary glands.
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4.11.4 Prevention and Treatment

Since paralysis does not usually develop until late in the feeding phase of the tick
(several days), frequent examination of the body and removal of any attached ticks
reduce the risk of paralysis (Fig. 4.12). In the United States (Dermacentor ticks), after
onset of paralysis, removing the tick generally results in rapid improvement — often
almost miraculous. However, patients in deep paralysis should be under constant
surveillance even after tick removal, since adverse developments may still rarely
occur. One report detailed a 2-yr-old who stopped breathing 32h after tick removal
(92). The usual rapid improvement after tick removal is not always the case for
L holocyclus ticks in Australia — the patient may eventually die anyway. Alexander
(96) says that in Australian cases, symptoms may progress for up to 2d after tick
removal before recovery sets in. As far as specific treatment goes, there is none, other
than reports of some success in Australia with dog antiparalysis serum (99).

What’s Going on with Lyme Disease in the South?

There is controversy about whether or not true Lyme disease (LD) occurs in
the southern United States. Some physicians and researchers are convinced
that it does, and numerous cases are reported to state health departments and
the CDC each year. In fact, Mississippi (my state) receives reports of about 25
cases of LD annually. Evidence of LD in the South, proponents say, includes
clinical syndromes consistent with LD, serologic test results sometimes indic-
ative of infection with Borrelia burgdorferi, and rashes that resemble the EM
lesion. Other physicians adamantly contend that there is no LD in the South.
They show as evidence invariably negative data from extensive retesting and
follow-up of patients with suspected Lyme disease. For example, in 1999, the
Mississippi Department of Health investigated 48 cases of physician-diag-
nosed, locally acquired LD. Each medical record was reviewed, and blood
samples were drawn for enzyme-linked immunosorbent assay (ELISA) and
Western blot analysis. Results indicated that only one sample was ELISA-
positive; none were positive by Western blot (S. Slavinski, MD, Mississippi
Department of Health, personal communication, August 2003). Therefore, no
evidence of infection with B. burgdorferi could be found.

Cases of a Lyme disease-like illness — cases that meet the CDC case defini-
tion for Lyme disease — do occur in the South. Interestingly, these cases may
respond to treatment with antibiotics, suggesting a bacterial cause of some
type. However, it’s not clear whether these cases would have resolved on their
own without antibiotics. A bona fide (widely accepted) human isolate from
a patient in this part of the country is lacking despite numerous attempts to
isolate organisms from EM lesions. A small percentage of Lone Star ticks,

(continued)
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(continued)

Amblyomma americanum, harbor spirochetes that react with reagents prepared
against B. burgdorferi. These spirochetes are a true Borrelia species which has
been tentatively named Borrelia lonestari. For several years, scientists thought
that some Lyme disease-like illnesses in the southern United States were
caused by this new spirochete, but now evidence is leaning away from B. lon-
estari as the etiologic agent. Perhaps other, as of yet undescribed, species of
Borrelia are the culprit.

There is no reason why LD should not occur in the southern United States.
The tick vector, Ixodes scapularis, is found in the South. And there have been
isolations of true B. burgdorferi from both rodents and ticks in the southern
states (South Carolina, Florida, Georgia, and Texas). However, this is very
rare. Contrast this with the northeastern United States, where ~50% of
L. scapularis ticks are infected. Some of this infection disparity can be
explained by the fact that southern /. scapularis nymphs prefer to feed on
lizards and skinks which are incompetent reservoirs for B. burgdorferi.

Further complicating the issue is an apparent hypersensitivity reaction to
saliva of the Lone Star tick that sometimes occurs 1-3d following a bite. This
hypersensitivity reaction resembles EM and is often 6-8 cm in diameter, ring-
like, raised, and vesicular. While studies of such lesions are lacking, they are
probably not true EM lesions because there is little or no incubation period, the
lesions often fade in a few days, and the lesions are raised (vesicular). EM lesions
may be vesicular, but usually are not. In fact, they are often flat, almost impercep-
tible by touch. In southern states where physicians do not see many cases of true
LD, these hypersensitivity reactions may be misdiagnosed as the real thing.

While some researchers insist that LD does not occur in the southern United
States, it is unwise at this point to exclude LD from the differential diagnosis
in persons with a possible tick-borne illness in this region. Empirical evidence
supports the presence of a Lyme-like illness in the South, perhaps caused by
other, closely related Borrelia spirochetes.

Family Clusters of Rocky Mountain Spotted Fever

Rocky Mountain spotted fever (RMSF) may sometimes occur in a cluster,
confounding diagnosis because physicians may think the illness is viral or
bacterial and transmitted from person to person. At least two such clusters
have occurred in Mississippi. In one case, during April, a 5-yr-old child
became febrile (101°F oral) and irritable, with vomiting and diarrhea, and a
day later developed a generalized macular rash. After two more days, she
showed no improvement in her clinical status and was seen by a pediatrician.
By this time, she had developed nuchal rigidity and became disoriented.

(continued)
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(continued)

The pediatrician noted that the rash had become petechial and suspected
RMSEF. She was immediately admitted to the hospital where i.v. chloramphen-
icol therapy was begun. Over the next three hours her clinical and neurologic
status deteriorated precipitously, and arrangements were made to transfer her
to a regional medical center. However, ten minutes after leaving the hospital
by ambulance, the child had a cardiopulmonary arrest and was rushed back to
the hospital emergency department (ED) while resuscitation was attempted.
The effort was unsuccessful and death was pronounced. Three days after her
death, the patient’s 16-yr-old sister presented to the ED with fever, headache,
and a generalized macular rash involving her palms and soles. She was admit-
ted to the hospital and empiric therapy with tetracycline was started. Her
symptoms completely resolved after three days.

In another family cluster of RMSE, a husband and wife developed symp-
toms consistent with RMSFE. The diagnosis was unsuspected in the man’s case
and came too late for effective treatment in his wife’s case. Both patients died.
Fortunately, the correct diagnosis was made in the woman’s case in time to
intervene with effective tetracycline therapy and cure her son, who acquired
his RMSF after coming to visit for the funeral of his parents. Investigation
disclosed ticks in the couple’s house, including one in the man and woman’s
bed; investigators concluded that the ticks came from a pet dog who often
slept in their bedroom.

From Conwill, D.E., Oakes, T., and Brackin, B.T. 1987. Mississippi Morbidity
Report, 5: 1-2.
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Chapter 5
Flea-Borne Diseases

5.1 Basic Flea Biology

Fleas have complete metamorphosis with egg, larva, pupa, and adult stages. The
adults have piercing-sucking mouthparts and feed exclusively on blood (Figs. 5.1
and 5.2). Hosts of fleas are domesticated and wild animals, especially wild rodents.
If hosts are available, fleas may feed several times daily, but in the absence of hosts,
adults may fast for months, especially at low-to-moderate temperatures. Some spe-
cies have specialized life cycles, but in general, the life cycle of most fleas ranges
from 30 to 75d.

Since cat fleas are a notable pest and seemingly ubiquitous, their life cycle
is presented here. Adult female fleas begin laying eggs 1-4 d after starting peri-
odic blood feeding. Bloodmeals are commonly obtained from cats, dogs, and
people, but other medium-sized mammals, such as raccoons and opossums may
be utilized as well. Females lay 10-20 eggs daily and may produce several
hundred eggs in their lifetime. Eggs are normally deposited in nest litter, bed-
ding, carpets, and so forth. Warm, moist conditions are optimal for egg produc-
tion. Eggs quickly hatch into spiny, yellowish-white larvae. Flea larvae have
chewing mouthparts and feed on host-associated debris, including food parti-
cles, dead skin, and feathers. Blood defecated by adult fleas also serves as an
important source of nutrition for the larvae. Larvae pass through three molts
(instars) prior to pupating. Flea larvae are very sensitive to moisture and will
quickly die if continuously exposed to <60-70% relative humidity. Pupating
flea larvae spin a loose silken cocoon interwoven with debris. If environmental
conditions are unfavorable, or if hosts are not available, developing adult fleas
may remain inactive within the cocoon for extended periods. Adult emergence
from the cocoon may be triggered by vibrations resulting from host animal
movements.

J. Goddard, Infectious Diseases and Arthropods, 131
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5.2 Plague

5.2.1 Introduction and Clinical Presentation

Plague, a zoonotic disease caused by the bacterium, Yersinia pestis, has been asso-
ciated with humans since recorded history. It is a flea-transmitted disease with
hundreds of cases occurring annually over much of the world (Fig. 5.3). In the
United States, ~10 cases occur each year, mostly from Arizona, California,
Colorado, and New Mexico (1). Cases may be urban (human epidemics associated
with domestic rats) or sylvatic (wild rodent populations). Sylvatic plague, some-
times also called campestral plague, is ever-present in endemic areas, circulating
among rock and ground squirrels, deer mice, voles, chipmunks, and others.
Transmission from wild rodents to humans is rare. Y. pestis inflicts damage on the
host animal by an endotoxin present on its surface. Metabolism of many cell types
is hampered, and tissues undergo degenerative and necrotic changes, and internal
hemorrhages may occur. Neural tissues and heart muscle may be damaged as well.
There are three principal forms of human plague: bubonic, infection of the
lymph nodes; septicemic, infection of the blood; and pneumonic, infection of the
lungs. After a 2- to 8-d incubation period, the disease is characterized by fever and
chills, quickly followed by prostration. There is headache, the eyes are injected, and
the facies are characteristic of extreme illness. Delirium appears early. The charac-
teristic lesion, a bubo, is an extremely tender, swollen, firm, nonfluctuant lymph
node in the region draining the site of the flea bite (2). Skin overlying the node is
usually erythematous, shiny, and edematous. Some patients will present with an
acute febrile illness without the bubo — septicemic plague. Septicemic plague may
cause signs and symptoms similar to those of gastrointestinal infection, urinary
tract infection, respiratory tract infection, appendicitis, or a nonspecific viral syndrome

Fig. 5.3 Approximate geographic distribution of plague foci (redrawn from several sources)
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(3). Spread of the infection to the lungs may result in pneumonic plague, which is
especially dangerous and leads to human-to-human transmission by infective air-
borne droplets. Bubonic plague is the most common form of plague. From 1971 to
1995, it comprised 84% of 320 cases (4). The remaining percentages were 14%
septicemic (with no lymph node involvement) and ~3% primary pneumonic,
acquired by inhalation of infectious aerosols from another person or animal with
plague pneumonia (4).

5.2.2 History

No other disease can compare to the devastating effects of plague on human
civilization. There have been at least three major pandemics of plague (5). The
first, the plague of Justinian, occurred in the sixth century. The second, called
the black death, occurred during the fourteenth century, claiming the lives of 25
million people. The third pandemic began in the late nineteenth century and
killed an estimated 10 million people. Many other, smaller epidemics have
occurred, such as the London epidemic of 1666, which killed 70,000 people.
The spread of plague around the world is thought to be closely related to com-
merce, and especially rat-infested ships. During the last pandemic (nineteenth
century), the outbreak started in northern China and soon reached Hong Kong
via routes of commerce. It was subsequently transferred to other continents by
way of rats on steamships. Northern China has been regarded as the cradle of
plague, with permanent foci in wild rodents, and the source of transfer to
humans and domestic (also called commensal) rodents along ancient land trade
routes and hostelries to European urban centers, resulting in severe pandemics
(2). Shipping routes have spread plague to seaports worldwide, where native
rodents have become infected, starting up the cycle in those areas. It is believed
that plague was introduced into the United States in the San Francisco area in
1899 (2).

Of course, centuries ago, no one knew for sure what caused outbreaks of plague.
Some thought it was contaminated soil or air; others considered plague a direct
judgment of God. Fear of the disease and sometimes sheer panic altered human
behavior in affected areas. Mullett (6) describes this well:

The Black Death itself everywhere produced the most diverse effects. Its appalling
mortality encouraged dissipation and asceticism, persecution and indifference. Wars
were thrown off, trade and agriculture disrupted, and government suspended. Love,
trust, and faithfulness took flight, and the patient was forsaken by all except his dog.
Neither his nearest and dearest nor his priest and physician dared visit him. Diabolism
flourished as persons paid homage to the devil, and sorcerers abounded. Flagellation,
choremania, and children’s pilgrimages conspicuously reflected current neuroses.
Jews, as might be expected, were brutally massacred when charges of ritual murder
and the deliberate distribution of a plague poison gained wholesale credence.
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5.2.3 Ecology of Plague

Plague is maintained in the western United States in a sylvatic cycle involving
resistant rodent hosts, such as deer mice and the California vole. There has been
an increase in cases in recent years and an eastward shift geographically (Fig.
5.4). Transmission of plague from rodent to rodent is by flea bite; several host-
specific flea species may be involved. The disease becomes amplified when it
spills over into susceptible species, such as prairie dogs and rock squirrels, result-
ing in widespread epizootics (4). People become ill when these susceptible hosts
die (sometimes in huge die-offs involving hundreds of rodents) and their fleas
subsequently bite nearby humans. In some cases, plague may spread to urban
areas and involve commensal (domestic) rodents, particularly Rattus rattus, and
the Oriental rat flea, Xenopsylla cheopis (Fig. 5.5). However, there are other
means of acquiring plague. During 1970-1996, 16% of cases were acquired by
direct contact with blood or tissue of an infected animal (such as skinning a rab-
bit) (4). Recently, there has been an increase in the number of human cases asso-
ciated with domestic cats (5). In fact, before 1977, domestic cats were never
reported as sources of human plague infection; however, since 1977, cats have
been identified as the source of infection for 15 human plague cases (1). Unlike
dogs, which do not usually show signs of plague infection, cats can develop both
bubonic and pneumonic plague. Human cases associated with cats have occurred
in seven states and have resulted in four deaths (5). Infected cats may transmit
plague organisms by direct contact through scratches or exudates from infected
sores, or even inhalation of infectious aerosols from the cats.

1944-1953 1954-1963 1964-1973

Plague Cases

[C] No Plague Cases

Fig. 5.4 Number of human plague cases reported by state and decade in the United States from
1944 to 1993 (total, 362 cases), showing increasing numbers of cases, increasing number of states
reporting cases, and an eastward shift in state of occurrence (Centers for Disease Control data)
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Fig. 5.5 The oriental rat flea, Xenopsylla cheopis (from “Fleas of Alabama,” Auburn University
Agricultural Experiment Station, with permission)

5.2.4 Diagnosis and Treatment

Plague should be considered in the differential diagnosis for any mysterious febrile
illness occurring west of the Mississippi River (or with travel history out West) dur-
ing the summer months. There may or may not be a history of flea bites. Questions
about rodents living in close proximity to the home may be useful in determining
exposure. Information about recent rodent die-offs around the home is especially
indicative of plague exposure. If a bubo is present (Fig. 5.6), a mililiter of sterile
saline can be injected into it and immediately aspirated back into the syringe. This
fluid can be stained by Gram’s stain and/or cultured (3). Blood and other body fluids
can be stained and cultured. However, therapy should never be delayed or withheld
because of a negative stain. Characteristically, the bacterium of plague is ovoid and
has a distinctive “safety pin” appearance when stained with Giemsa, Wayson, or
Wright’s stain. Polymerase chain reaction (PCR), indirect fluorescent antibody
(IFA) tests, and an antigen-capture enzyme-linked immunosorbent assay (ELISA)
are available in some laboratories, permitting an early rapid diagnosis in acute cases
(8). Streptomycin is the drug of choice for the treatment of plague, although gen-
tamicin or tetracycline may be satisfactory alternatives.

5.3 Murine Typhus

5.3.1 Introduction and Medical Significance

Murine typhus is a rickettsial disease transmitted to humans by fleas. The term
“murine,” of course, indicates that the disease is related to rats. In fact, the classic
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Fig. 5.6 Plague bubo in right axilla of a human case (Armed Forces Institute of Pathology Neg.
No. 219900[7B])

cycle involves rat-to-rat transmission with the Oriental rat flea, X. cheopis, being
the main vector (2). Murine typhus is one of the most widely distributed arthropod-
borne infections endemic in many coastal areas and ports throughout the world (9).
Outbreaks have been reported from Australia, China, Greece, Israel, Kuwait, and
Thailand. At one time, there were thousands of cases reported annually in the
United States; from 1931 to 1946, ~42,000 cases were reported (2, 10). Since
World War II, case numbers in the United States have fallen drastically to a level of
<100 per year. Almost all cases in the United States are focused in central and
southcentral Texas and Los Angeles and Orange Counties in California. However,
physicians may encounter murine typhus in returning international travelers. Three
cases in patients returning to Europe from Indonesia indicate that murine typhus
should be considered a possible cause of imported fever from Indonesia (11).
Interestingly, the ecology of this disease seems to be changing. The classic rat-flea-rat
cycle seems to have been replaced in some areas by a peridomestic animal cycle
involving free-ranging cats, dogs, opossums, and their fleas (9).
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5.3.2 Clinical and Laboratory Findings

Diagnosis of murine typhus is usually based on clinical suspicion. After an incubation
period of 6-14d clinical symptoms may appear, including headache, chills, prostra-
tion, fever, and general pains. There may be a macular rash, especially on the trunk.
The disease is usually mild with negligible mortality, except in the elderly. Severe
cases occasionally occur with hepatic and renal dysfunction, central nervous system
(CNS) abnormalities, and pulmonary compromise. Several points are useful to dif-
ferentiate murine typhus from Rocky Mountain spotted fever (RMSF): RMSF mostly
occurs in rural areas in the central, eastern, and southeastern United States (especially
Oklahoma, Tennessee, and North Carolina). Murine typhus mostly occurs in urban or
suburban areas in south Texas or southern California. RMSF patients often have a
history of tick bite — or at least a history of exposure to tick-infested areas. Murine
typhus patients often live in rat-infested buildings. The RMSF rash usually begins on
the extremities and then moves to the trunk. Murine typhus rash begins on the trunk.
(Note: These are just general guidelines; there are exceptions to each of these points.)
Up to half of murine typhus patients have early mild leukopenia during the first 7d
of illness. Mildly elevated serum aspartate aminotransferase levels are seen in about
90% of cases. Other fairly common lab findings are hypoalbuminemia and hypopro-
teinemia. IFA tests using specific Rickettsia typhi antigens, latex agglutination (LA)
tests, and PCR are commonly used as diagnostic tools for murine typhus infection.
Diagnosis may also be established by complement fixation, but this test is generally
unavailable. Since all typhus group rickettsiae share common antigens, IFA tests may
not discriminate between louse-borne and murine typhus unless the sera are differen-
tially absorbed with the respective rickettsial antigen prior to testing (8). Antibody
tests usually become positive in the second week.

5.3.3 Ecology of Murine Typhus

There are numerous species of fleas, many of which are host-specific, feeding only on
a certain animal. People often erroneously think “a flea is a flea” and that all species
are equally important in disease transmission. Important fleas in disease cycles, such
as murine typhus, are those that either (1) transmit the disease agent among the reser-
voir hosts (in this case, rats) or (2) transmit the agent to humans. The classic cycle of
murine typhus in nature is as follows (nontypical cycles occur; see last paragraph):
Murine typhus is found in port areas of many parts of the world where the causative
agent, R. typhi, is transmitted among domestic rats by fleas — primarily the Oriental rat
flea, X. cheopis (Fig. 5.5). Other rat-feeding flea species may be involved, such as
Nosopsyllus fasciatus and Leptopsylla segnis. Transmission may also occur among
rats by a rat louse and/or a rat mite. Distinction should also be made here about the rats
involved. There are numerous species of rats — some considered “domestic” and others
considered “wild.” Wild rats include cotton rats, wood rats, and rice rats. Domestic
rats, also known as commensal rats, are the species Rattus norvegicus and R. rattus.
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Their common names are the Norway rat and the black rat (or roof rat), respectively.
In fleas, the pathogen generally proliferates in abundance within epithelial cells of the
midgut, and when packed, these cells burst, releasing rickettsiae into the lumen (2).
Transmission to humans occurs when infective flea feces are scratched into the bite
site (or other fresh skin wounds), or transported manually to the eyes or mucous mem-
branes. There is some evidence that R. typhi may also be transmitted by flea bites, and
not merely through contact with infective feces or crushed fleas (12).

In some areas of the world, murine typhus occurs in places where infected domes-
tic rats and their fleas are absent. For example, in the United States most cases of
murine typhus occur in central and southcentral Texas and Los Angeles and Orange
Counties in California. In those areas, infected rats and their fleas are hard to find (9).
Studies have shown an abundance of opossums, cats, and dogs in these areas, but not
rats. Also, the predominant flea on those animals is the cat flea, Ctenocephalides felis
(cat fleas do not just feed on cats!). Azad and colleagues (9, 13) conducted several
surveys in the areas, and found cat fleas taken from opossums infected with both
Rickettsia typhi (the causative agent of murine typhus) and R. felis (a relatively new
typhus-like rickettsia). In addition, opossums and cats showed evidence of infection
(14). These findings indicate that the classic rat—flea—rat cycle of R. typhi has been
replaced by a peridomestic animal cycle involving free-ranging cats, dogs, and opos-
sums, and their fleas (Fig. 5.7). This cycle is of potential public health importance
since, opossums and cat fleas are widespread pests over much of the United States
— even in well-kept, upscale suburban neighborhoods.

Recently, Rickettsia felis infection has been found associated with fever, head-
ache, myalgia, and macular rash in humans and has been detected in cat fleas in
many places around the world (15, 16). As mentioned, this agent is apparently
maintained in nature in an opossum-cat flea cycle which is actually more common
than the R. ryphi-rat cycle in some areas.

5.3.4 Treatment

Drugs of choice for treatment of murine typhus include tetracycline, doxycycline,
and chloramphenicol. Severely ill patients may require intravenous therapy.
Antimicrobial therapy should be continued until 2-3d after defervescence.
Prevention and control of murine typhus are primarily directed toward control of
the flea vectors and their animal hosts.

5.4 Cat-Scratch Disease (CSD)

5.4.1 Introduction and Clinical Presentation

The link between human cases of CSD and fleas is not firmly established, however,
fleas certainly are involved in the natural history of the infection in animals. For this
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reason, CSD is included in this section. In humans, CSD is a subacute, usually self-
limiting bacterial disease characterized by malaise, granulomatous lymphadenitis,
and variable patterns of fever (8). The disease occurs following cat contact in
95-99% of patients, and the primary lesion of CSD evolves with development of
papules, vesicles, and pustules at the inoculation site after 3-10d (17).
Lymphadenopathy is common in lymph nodes draining the site of inoculation. In
fact, CSD is a leading cause of subacute and chronic lymphadenopathy (18).
Although lymphadenopathy is the presenting sign in a majority of children, 25% of
patients have atypical presentations, including Parinaud’s oculoglandular syndrome,
maculo-papular rash, erythema nodosum, thrombocytopenic purpuria, and encepha-
lopathy (18, 19). Seizures and death may even occur as a result of CSD (18, 20).

CSD is caused by Bartonella (=Rochalimaea) henselae, the most commonly
recognized Bartonella infection in humans. It occurs worldwide, and there are at
least 22,000 cases reported in the United States each year, costing more than $12
million annually for diagnosis and treatment (21). Children and young adults are
more often affected than older persons.
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5.4.2 Reservoirs and Mode(s) of Transmission

As the name implies, CSD is carried by domestic cats. More than 90% of patients
give a history of scratch, bite, lick, or other exposure to a healthy, usually young cat
(8). However, dogs may also be involved (22). At least one case was linked to expo-
sure to a puppy (23). Epidemiological studies on the risk factors associated with CSD
have established a possible role for fleas in the transmission of B. henselae (24). The
organism has been detected in cat fleas by PCR techniques (25). Higgins et al. (26)
demonstrated that cat fleas can maintain B. henselae and excrete viable organisms in
their feces for up to 9d after feeding on an infected blood meal. Further experiments
by Foil et al. (27) have shown that transmission of the CSD agent to humans could
possibly be by flea bite, but is most likely by exposure to infective flea feces. If this
turns out to be the case, then fleas are only “mechanical” transmitters of the disease
organism (see Chap. 2 for a discussion of mechanical vs biological transmission).

5.4.3 Treatment

CSD is usually self-limiting. In fact, treatment of typical CSD with antibiotics is
controversial, since it may not alter the course of the disease (18). Antibiotics are,
however, recommended for immunocompromised patients. Most commonly used
antibiotics are effective such as ciprofloxacin, azithromycin, TMP-SMX, rifampin,
gentamicin, erythromycin and doxycycline (8).
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Chapter 6
Sand Fly-Transmitted Diseases

6.1 Basic Sand Fly Biology

Sand flies are tiny gnats (Fig. 6.1) that breed in dark, moist areas with plenty of
available organic matter, which serves as food for the larvae. Examples of breeding
sites include hollow trees, animal burrows, and under dead leaves. Female sand
flies have piercing mouthparts and are bloodsuckers. Males take moisture from any
available source and are even said to suck human sweat. After a blood meal, the
female scatters between 30 and 70 eggs in the potential breeding site; they hatch
about 1-2wk later. There are four larval stages, with each stage consuming decaying
organic matter and perhaps microorganisms. The pupal stage is inactive and emer-
gence occurs in 5-10d. Adults seek out cool, moist places to rest, such as caves,
cracks in rocks, or tree holes. At night they come out to feed. Many species prefer
to feed on mammals, though some prefer reptiles and amphibians.

6.2 Leishmaniasis

6.2.1 Introduction and Medical Significance

Leishmaniasis is a term used to describe any one of several diseases caused by
protozoan parasites in the genus Leishmania. It is a highly complex disease group
with many contributing factors and unknowns; this chapter is an effort to present a
simplified synopsis of what is known about the subject. For greater detail, the
reader should consult other references (1-4). Leishmaniasis is a sand fly-transmitted
disease that occurs in almost all countries of the New World (especially tropical
areas) and in many countries of the Old World, especially the areas surrounding the
Mediterranean basin (Fig. 6.2). There is great diversity in ecological settings where
leishmaniasis may occur — arid, rural areas, tropical forests, subalpine valleys, and
even urban environments (5).

Clinically, leishmaniasis manifests itself in four main forms: cutaneous, mucocu-
taneous, diffuse cutaneous, and visceral (6). The cutaneous form may appear as

J. Goddard, Infectious Diseases and Arthropods, 143
© Humana Press 2008



144 6 Sand Fly-Transmitted Diseases

Fig. 6.1 Adult sand fly (Armed Forces Pest Management Board)

small and self-limited ulcers that are slow to heal. When there is destruction of nasal
and oral mucosa, the disease is labeled mucocutaneous leishmaniasis. Sometimes
there are widespread cutaneous papules or nodules all over the body — a condition
termed diffuse cutaneous leishmaniasis. Finally, the condition in which the parasites
invade cells of the spleen, bone marrow, and liver — causing widespread visceral
involvement — is termed visceral leishmaniasis. There is much morbidity and mortality
owing to leishmaniasis worldwide: collectively, the leishmaniases are endemic in 82
countries with an estimated worldwide annual incidence of 1,500,000 cases of cuta-
neous disease and 500,000 cases of visceral leishmaniasis (3, 4, 7). Except for the
possibility of seeing a cutaneous case in Texas, physicians in the United States will
generally only see leishmaniasis in travelers, expatriates, immigrants, and returning
soldiers. Several hundred cases of cutaneous leishmaniasis have been reported
among U.S. military personnel serving in Iraq.

6.2.2 Clinical Manifestations and Diagnosis

6.2.2.1 Old World Forms of Leishmaniasis

The classic form of Old World cutaneous leishmaniasis, called oriental sore, is most
frequently caused by Leishmania major, Leishmania tropica, or Leishmania aethiopia.
After an incubation period of 2wk to several months, a papule develops at the site
where promastigotes (one of the stages of the parasite) were inoculated by the sand fly
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Visceral and Mucocutaneous Leishmaniasis
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. Cutaneous

Fig. 6.2 Approximate geographic distribution of leishmaniasis

bite. The papule then gradually increases in size, becomes crusted, and ulcerates. The
ulcer is often circular and shallow with raised, well-defined erythematous borders.
There may or may not be a serous discharge. Cutaneous lesions are slow to heal and
may be accompanied by regional lymphadenopathy. Generally, after several months or
a year or so, the ulcers heal, leaving flat, atrophic, depigmented scars. Diffuse cutane-
ous leishmaniasis, most often caused by L. aethiopia, may begin as a papule, but does
not ulcerate. Other lesions form in the general vicinity of the initial papule and may
also develop in distant areas of the body, but especially the face and extremities.
Diffuse cutaneous leishmaniasis may persist for 20yr or more (8). Visceral leishmaniasis
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(sometimes also called kala azar) is most often caused by Leishmania donovani or
Leishmania infantum and may be fatal if not treated. Patients generally display fever,
splenomegaly, hepatomegaly, anemia, leukopenia, hypergammaglobulinemia, and
weight loss. On the other hand, there can be mild cases with asymptomatic, self-
resolving visceral infections. Young children and possibly malnourished populations
seem to have a greater likelihood of developing visceral disease (8). Oddly, some fox-
hounds in the U.S. have been found infected with L. infantum in certain areas (9). One
survey found 12% of 11,000 foxhounds in the eastern U.S. with antibodies to the agent
of visceral leishmaniasis (9). The significance of this finding is yet to be determined,
but indicates the potential for human infection in the U.S.

6.2.2.2 New World Forms of Leishmaniasis

New World cutaneous leishmaniasis is predominantly caused by Leishmania bra-
ziliensis, Leishmania guyanensis, Leishmania panamensis, and Leishmania mexi-
cana. The disease has been called pian bois (bush yaws), uta, and Chiclero’s ulcer
(8). There can be single, localized ulcers that are slow to heal (months to years), or
diffuse cutaneous forms that may resemble lepromatous leprosy (3). Mucocutaneous
leishmaniasis, also known as espundia, develops in < 5% of patients, typically after
months or years, and usually follows cases of cutaneous leishmaniasis caused by
L. braziliensis or L. panamensis (3). It is believed that localization in the nasal
mucosa occurs during parasitemia associated with the initial infection. The disease
may be severely disfiguring, eroding the cartilaginous tissues of the nose and palate
(Fig. 6.3). Mucosal lesions never heal spontaneously, and death from secondary

Fig. 6.3 Muco-cutaneous leishmaniasis (Armed Forces Institute of Pathology, Neg. No. 74-8873-1)



6.2 Leishmaniasis 147

infections is common in untreated patients (6). There are sporadic cases of visceral
leishmaniasis in South America usually caused by L. chagasi. There have been
outbreaks in Teresina and Natal, Brazil (8). Children are most frequently affected.
The clinical picture of visceral leishmaniasis is a pentad of chronic fever, wasting,
marked hepatosplenomegaly, pancytopenia, and hypergammaglobulinemia. Protean
clinical manifestations may occur, especially early in the disease. Infection is often
fatal if untreated, but is usually <5% with adequate drug therapy.

For a long time, the above-mentioned Old World and New World disease forms
were correlated with various Leishmania species and geographic regions to make
a well-defined classification. As is the case in many paradigms in science, this
classification is turning out not to be so clear-cut. There is apparently a whole
spectrum of diseases — from cutaneous to visceral — depending on many factors,
such as species of Leishmania, numbers of parasites (parasite burden), and the
predominant host immune response. The idea that a few Leishmania species each
cause a distinct and separate clinical syndrome is no longer valid (1). For example,
a visceral species, L. chagasi, has also been isolated from patients with cutaneous
leishmaniasis in several Central American countries (3). However, the particular
parasite species and geographic location may still serve as useful epidemiologic
“labels” for the study of the disease complex, and generalized statements can be
made. For example, L. donovani and L. infantum generally cause visceral leishma-
niasis in the Old World, whereas L. tropica and L. major cause cutaneous lesions.
In the New World, visceral disease is mainly caused by L. chagasi, cutaneous lesions
by L. mexicana and related species, and mucocutaneous lesions by L. braziliensis.
Further, by sorting out which species do not cause human disease in a given area,
researchers are better able to focus their studies on the ecology and behavior of
those that do.

6.2.2.3 Diagnosis

Diagnosis of leishmaniasis is complicated because of the various forms of the
disease (cutaneous, visceral, mucocutaneous), variety of parasite species involved,
geographic variations, and other clinically similar syndromes. For example, blas-
tomycosis, yaws, cutaneous tuberculosis, and other skin diseases may look like
cutaneous leishmaniasis, but visceral leishmaniasis may be confused with malaria,
typhoid fever, typhus, and shistosomiasis. Laboratory findings may be useful,
especially in visceral leishmaniasis. There is usually anemia, leukopenia, and
hypergammaglobulinemia. White blood cell (WBC) counts may occasionally be
below 1000 per mm?. Also, the ratio of globulin to albumin is typically high. The
leishmanin skin test is sometimes used, although its results may be ambivalent
(However, the leishmanin test is mostly positive in cutaneous cases.) Serological
tests, such as enzyme-linked immunosorbent assay (ELISA), agglutination assays,
and indirect fluorescent antibody (IFA) are often employed (if appropriate anti-
gens are available) to aid in diagnosis of leishmaniasis. A more definite traditional
“parasitological” diagnosis requires the demonstration of promastigotes in in vitro
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culture or amastigotes in Giemsa-stained histopathologic sections or smears from
tissue aspirates (3). To look for parasites in cutaneous lesions, scrapings may be taken
from the base of the ulcer or punch biopsies from the edge of suspicious skin lesions.

6.2.3 Ecology of Leishmaniasis

Leishmania parasites are transmitted by female sand flies. Infected flies transmit
the flagellated form, called promastigotes, to a mammal host when taking a
blood meal (Fig. 6.4). Promastigotes enter monocytes or macrophages and sub-
sequently transform into oval amastigotes. Infected macrophages may later be
ingested by feeding sand flies, thus completing the cycle. Sand flies are in the
family Psychodidae. They belong to a particular subfamily, the Phlebotominae,
which have piercing mouthparts and are bloodsuckers. Many species feed on
cold-bloodied animals, such as lizards, snakes, and amphibians; others feed on a
variety of warm-blooded animals, including humans (12). As is the case with
mosquitoes, the females require a bloodmeal for ovarian development; males
take moisture from a variety of sources. Sand flies are weak fliers, mostly
active at night (a few species are day biters), and usually only when there is
little or no wind.

6.2.3.1 Indigenous Leishmaniasis in the United States

There is a region primarily in southern Texas (roughly San Antonio south to the
Mexican border) in which locally acquired cases of cutaneous leishmaniasis occur.
There have been ~40 human cases reported from this region since the 1970s, which
generally presented as slow-to-heal ulcers on body parts exposed to sand fly bites
(13). McHugh and colleagues (5, 14—16) unraveled the complex ecology/life cycle
of leishmaniasis in that area, finding that the enzootic cycle involves transmission
among wood rats (Neotoma) by the sand fly, Lutzomyia anthophora, which inhabits
nests of rodents. Humans apparently become infected when they live near or are
active in the cactus-mesquite habitat of wood rats. Because L. anthophora does not
commonly feed on humans, a second sand fly species may act as a bridge from
wood rats to humans. Thus far, all parasite isolates from humans, sand flies,
rodents, and a single cat infection in Texas have been identified as L. mexicana, a
relatively benign species. The contribution of field researchers and others in this
area is critically important from the public health standpoint. How can physicians,
epidemiologists, and public health workers make recommendations to the public
for the prevention and control of a disease in an area, if nothing is known of the
causative agent, its reservoir host(s), and its vectors? Much basic research is still
needed (even in the “modern” and developed United States) in the vector-borne and
parasitic diseases.
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Fig. 6.4 Life cycle of leishmaniasis (provided by permission from ref. (10); redrawn originally
from ref. (11))

6.2.4 Treatment and Control of Leishmaniasis

The drugs of first choice for treatment of leishmaniasis have traditionally been the
pentavalent antimonials, Glucantime and Pentostam (8). However, development of
resistance and reports of substantial negative side effects have limited their use in
some areas. In those cases, other drugs have been used, such as liposomal ampho-
tericin B (4). Sometimes visceral leishmaniasis patients are treated with a combina-
tion of 7y-interferon and pentavalent antimony (11). The Parasitic Disease Drug
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Service, Centers for Disease Control should be consulted for the most up-to-date
information on treatment strategies for leishmaniasis. Unfortunately, infections are
often chronic and can recur if/when the patient’s immune system is suppressed (17).
Prevention of leishmaniasis is mostly limited to educating travelers about the risks
of leishmaniasis and avoiding sand fly bites. Repellents containing the active ingre-
dient DEET can provide limited, partial protection. Use of fine mesh bed nets
impregnated with permethrin can dramatically reduce the number of sand fly bites
(3). In addition, insecticides sprayed around human habitations can be useful in
protecting people from leishmaniasis, especially sand fly species that are peridomes-
tic. Other successful strategies include the selective use of poisoned baits or traps for
animal reservoirs and environmental modifications, such as localized clearing of
forests, subsoil plowing to destroy burrows, and vegetation modifications (3).

6.3 Other Sand Fly-Transmitted Diseases

6.3.1 Bartonellosis (Carrion’s Disease)

Bartonellosis is a bacterial infection caused by Bartonella bacilliformis, which
occurs in the Andes Mountains in parts of Peru, Ecuador, and southwest Colombia.
Vector sand flies are Lutzomyia verrucarum and Lutzomyia colombiana. There are
two clinical forms of the disease: a febrile anemia (Oroya fever) and a benign der-
mal eruption (Verruga peruana) (18). Oroya fever, the acute stage, occurs after an
incubation period of about 3 wk. Clinical signs and symptoms include lymphaden-
opathy, hepatosplenomegaly, and anemia (often severe) (19). The mortality rate is
about 8%, with most dying of acute anemia. Several months after the resolution of
Oroya fever, many patients develop Verruga peruana (peruvian warts). The verru-
gae are chronic, lasting from several months to years, and contain large numbers of
B. bacilliformis bacilli (19). Antibiotic treatment can slow the lysis of erythrocytes
in Oroya fever, but may not prevent the subsequent development of verrugae (20).

6.3.2 Sand Fly Fever

Sand fly fever (papatasi fever, three-day fever) is caused by at least two distinct
virus serotypes resulting in a febrile illness in humans lasting from 2 to 4d or even
longer (6). There may be accompanying retrobulbar pain on motion of the eyes,
malaise, nausea, and pain in the limbs and back (18). Symptoms may be alarming,
but death is very rare (18). This group of viruses occurs mostly in Europe, Asia, and
Africa, although there is at least one in Central and South America. The classic
“sand fly fever” is common during the summer months throughout the Mediterranean
basin, the Middle East, Pakistan, and parts of India and central Asia. The vector of
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the classic form throughout the entire Old World is thought to be the common sand
fly, Phlebotomus papatasi. Several other sand fly species are vectors of the other,
more insignificant viruses.
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Chapter 7
Miscellaneous Vector-Borne Diseases

7.1 Chagas’ Disease

7.1.1 Introduction and Medical Significance

Chagas’ disease, or American trypanosomiasis, is one of the most important arthropod-
borne diseases in the Western Hemisphere. It mostly occurs in Mexico and Central and
South America (Fig. 7.1), but at least six indigenous cases have been officially reported
in the United States (1). Unofficially, however, dozens of cases have been recently found
as a result of newly instituted blood bank screening for Chagas’ in the southern U.S. At
present, some 16—18 million people are estimated to be infected, with 90-100 million
people at risk (2, 3). Often being a long, chronic, and debilitating disease, Chagas’
causes tremendous economic losses. The economic loss for South America alone owing
to early mortality and disability in economically most productive young adults currently
amounts to over & billion dollars (4). Chagas’ disease is caused by Trypanosoma cruzi,
a protozoan that occurs in humans as a hemoflagellate and as an intracellular parasite
without an external flagellum. Vectors of Chagas’ disease are hemipteran insects (the
true bugs) in the family Reduviidae, subfamily Triatominae. They are commonly called
“kissing bugs” because of the nasty habit of taking a bloodmeal from around the lips of
a sleeping victim. (However, this is an overgeneralization; the bugs will bite on exposed
skin just about anywhere on the body.) Chagas’ disease has both acute and chronic
forms, but is perhaps best known for its chronic sequelae, including myocardial damage
with cardiac dilatation, arrhythmias and major conduction abnormalities, and digestive
tract involvement, such as megaesophagus and megacolon (5, 6).

Kissing Bug Allergy

Arthropod bites, as opposed to stings, may produce allergic reactions in
humans, presumably a result of hypersensitivity to salivary components
secreted during the biting process. These salivary secretions contain antico-
agulants, enzymes, agglutinins, and mucopolysaccharides which may serve
as sensitizing allergens. Reactions have occurred following bites by many

(continued)
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(continued)

different types of insects but most commonly from bites by Triatoma (kissing
bugs), horse and deer flies, and mosquitoes. Kissing bugs — so named because
of the nasty habit of taking a bloodmeal from the face — belong to the insect
family Reduviidae (hence the sometimes used moniker “reduvid bugs”), but
specifically, the subfamily Triatominae. Within this subfamily, some (but not
all) species fall under the genus Triafoma — triatomines may also be in other
genera. There are at least ten Triatoma species found in the United States, but
only about six of these are likely to be encountered. Allergic reactions have
been reported from bites by five species (7. protracta, T. gerstaeckeri, T.
sanguisuga, T. rubida, and T. rubrofasciata), although in the U.S., T. pro-
tracta is the species most often reported in allergic reactions. Kissing bug
bites may be painless, leaving a small punctum without surrounding ery-
thema, or cause delayed local reactions appearing like cellulitis. Anaphylactic
reactions include itchy, burning sensations, respiratory difficulty, and other
typical symptoms of anaphylaxis.

Triatoma bugs feed on vertebrate hosts such as bats, other small and
medium-sized mammals, birds, and humans. Accordingly, the pests are often
found in association with their host nest or habitation — caves, bird nests,
rodent burrows, human houses, etc. For example, 7. protracta is found in
woodrat nests. Bugs periodically fly away from the nests of their hosts (noc-
turnal cyclical flights) and may be attracted to lights at dwellings, subse-
quently gain entrance, and try to feed. Some species are able to colonize
houses; they seem especially prolific in sub-standard structures with many
cracks and crevices, mud walls, thatch roofs, etc.

Personal protection measures from kissing bugs involve avoidance (if pos-
sible) — such as not sleeping in adobe or thatched-roof huts in endemic areas
—and exclusion methods such as putting up bed nets. Domestic or peridomestic
kissing bug species (Mexico, Central and South America) may be controlled
by proper construction of houses, sensible selection of building materials,
sealing of cracks and crevices, and precision targeting of insecticides within
the home. In the U.S., prevention of bug entry into homes may involve out-
door light management (i.e., lights placed away from the house, shining back
toward it, instead of lights on the house), and efforts to find and seal entry
points around the home.

7.1.2 Clinical and Laboratory Findings

Human infection with 7. cruzi often leads to a chagoma (localized induration) at the
site of infection. It is possible for similar lesions to appear subsequently anywhere
on the body during the first few weeks of infection, presumably by hematogenous
spread. When the bite is near the eye, unilateral edema may appear, affecting both
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Fig. 7.2 Child showing Romana’s sign (Armed Forces Institute of Pathology. Neg. No. 62-3934-6)

the upper and lower eyelid, usually accompanied by conjunctivitis — known as
Romaiia’s sign — which is a frequent characteristic of the acute stage (7) (Fig. 7.2).
Note: Many patients with acute Chagas’ disease develop neither a chagoma nor
Romaia’s sign. Other signs and symptoms of acute Chagas’ disease include fever,
malaise, lymphadenopathy, and hepatosplenomegaly. Up to 10-15% of patients
with acute disease may die owing to myocarditis and meningoencephalitis (2, 5).
Pathology during the acute stage is related to high parasitemias characterized by the
presence of inflammatory infiltrates in several tissues, including heart and skeletal
muscle, as well as by an increased production of inflammatory mediators, such as
v-interferon, tumor necrosis factor, interleukin 1, and oxygen and nitrogen reactive
intermediates (8). Patients surviving the acute stage often enter a symptomless
phase lasting for months or years, during which time the parasites invade many
organs of the body. This is sometimes called an “indeterminate phase” defined by
the absence of clinical, radiological, and electrocardiographic manifestations of
cardiac or digestive involvement in chronically infected persons. However,
advanced cardiovascular tests may be able to identify significant abnormalities (9).
Moreover, patients with the indeterminate form have a poor prognosis: after
5-10yr, a third of them will have cardiopathy (9). Chronic Chagas’ disease involves
irreversible symptoms, such as arrhythmias, conduction blockage, aneurysms,
myocarditis, megaesophagus, and megacolon (2). Many of these patients progres-
sively become weaker and die from heart failure or other complications.
Electrocardiograms (EKGs) of persons in the chronic stage are characteristically
altered — most show partial or complete atrioventricular (AV) block, complete right
bundle branch block, or premature ventricular contractions, along with abnormali-
ties of the QRS complexes and of the P and T waves (7).
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Diagnosis of Chagas’ disease in the acute phase is made by demonstration of
the typomastigote stage of the parasites in peripheral blood (mainly), lymph node,
or skeletal tissue. Parasitemia is most intense during the earliest stages of infec-
tion, so finding the parasites becomes increasingly difficult as time goes by.
Complicating matters, there is a nonpathogenic trypanosome, Trypanosoma rangeli,
infecting people in Brazil, Venezuela, Colombia, Panama, El Salvador, Costa Rica,
and Guatemala, that must be differentiated from T. cruzi (5, 7), but T. rangeli is
longer than T. cruzi — rangeli about 30 um, cruzi about 20 um. In addition to direct
observation of the parasites, 7. cruzi can be cultured in selective media or demon-
strated in animal tissues (such as after intracerebral inoculation of suckling mice).
Where available, xenodiagnosis is a useful diagnostic tool — feeding uninfected
Triatoma bugs on the patient and finding the parasite in the bug’s feces or intes-
tines several weeks later. The polymerase chain reaction (PCR) is also a tool for
detection of T. cruzi infection. One study showed that the 220-bp amplified frag-
ment (the E13 element) is specific for 7. cruzi DNA and very useful to detect the
presence of the parasite in blood from chronic chagasic patients (10).
Immunodiagnostic tests include complement fixation, indirect hemagglutination,
indirect fluorescent assay (IFA), radio-immunoassay (RIA), and enzyme-linked
immunosorbent assay (ELISA). False-positives are a persistent probelm with these
conventional assays.

7.1.3 Ecology of Chagas’ Disease and Its Vectors

Kissing bugs (also called “conenose bugs” because of their cone-shaped head
and beak) are 1-3cm long, are good fliers, and have a short three-segmented
beak well-suited for sucking vertebrate blood (Figs. 7.3 and 7.4). Kissing bugs
feed on humans, opossums, armadillos, rats, various carnivores, and monkeys.
There are at least a hundred species of kissing bugs, all in the subfamily
Triatominae, but not all are equally important as vectors of Chagas’ disease
(Table 7.1). Some have adapted to human environments and are called domestic
species, whereas others are never or almost never in/around human dwellings
and are called sylvatic species. Domestic species are nocturnal; during daytime
they seek refuge in the cracks and crevices in poorly constructed (often mud)
houses or in the loose thatched roofing of huts. Interestingly, when insect control
programs eliminate the domestic species, sylvatic species sometimes move in to
take their place.

The causative agent of Chagas’ disease is a flagellate protozoan, 7. cruzi, which
has a life cycle involving both a mammalian and a hemipteran insect host. In mam-
mals, 7. cruzi occurs in tissues in a nonflagellated form, called an amastigote, and
in blood as a flagellated form, called a trypomastigote. In the bug, development is
complicated, involving both metamorphic changes and multiplication; the para-
sites are eventually passed in the feces of the insect. Human infection does not
occur by salivary transmission, but instead, through the feces of the bug, which



158 7 Miscellaneous Vector-Borne Diseases

Fig. 7.3 Typical kissing bug (photo copyright 2008 by Jerome Goddard, Ph.D.)

Antenna Ocellus

3 segmented proboscis

Fig. 7.4 Three-segmented beak of the kissing bug

almost always defecates on the skin of the victim while in the act of sucking blood.
Patients may inadvertently rub or scratch fecal material into the bite wound.
Infection may also be achieved through blood transfusion; 7. cruzi has been shown
to remain viable in refrigerated blood for at least several weeks (11). Sexual or
congenital transmission is also possible (12). Other routes of transmission should
not be overlooked. In some communities in Mexico, for example, people believe
that bug feces can cure warts or that the bugs have aphrodisiac powers (13). In
addition, Mexican children often play with triatomine bugs collected in their
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Table 7.1 Five important vectors of chagas’ disease

Species Approximate distribution Comments

Triatoma infestans Argentina, Brazil, Bolivia, Chile, Highly adapted to the
Paraguay, southern Peru, domestic environment;
Uruguay almost painless bite

Panstrongylus megistus  Argentina, Brazil, Paraguay Almost painless bite

Rhodnius prolixus Colombia, Costa Rica, El Salvador, Principal vector in Venezuela
French Guiana, Guatemala, and Colombia

Guyana, Honduras, parts of
Mexico, Nicaragua, Venezuela
Triatoma brasiliensis Brazil Almost painless bite
Triatoma dimidiata Belize, Colombia, Costa Rica, Almost painless bite
Ecuador, El Salvador, Guatemala,
Honduras, Mexico, Nicaragua,
northern Peru, Venezuela

houses, and in Jalisco reduviid bugs are eaten with hot sauce by the Huichol
Indians (13).

7.1.4 Treatment, Prevention, and Control

Treatment of Chagas’ disease is problematic and controversial. In some countries
allopurinol and itraconazole are recommended for treatment of chronic disease in
adults (14). For acute Chagas’ disease, two drugs, nifurtimox and benznidazole,
are currently used, but early diagnosis is difficult and severe side effects can occur
(2, 6). Nifurtimox, the only drug available in the United States for the thearpy of
Chagas’ disease, markedly reduces the duration and severity of the illness, and
decreases mortality (15). However, it results in parasitologic cure only in about
50% of treated patients, can cause severe side effects, and must be taken for pro-
longed periods (15). The likliehood of developing a safe vaccine for Chagas’ is
remote because 7. cruzi antigens can stimulate autoimmune reactions. Therefore,
control of Chagas’ disease depends heavily upon interrupting parasite transmis-
sion by removing the vectors (disinfestation of houses) and screening blood banks
for infected blood. One recent inter-institutional cooperative project in Latin
America called the Southern Cone Initiative which involved mandantory blood
screening and house fumigation has led to an impressive reduction in 7. cruzi
infection (16). Personal protection measures from kissing bugs involves avoidance
(if possible) — not sleeping in adobe or thatched roof huts in endemic areas — and
exclusion methods, such as bed nets. Prevention and control of domestic species
of triatomines can be accomplished by proper construction of houses, wise choice
of building materials, sealing cracks and crevices, and precision targeting of insec-
ticides within the home.



160 7 Miscellaneous Vector-Borne Diseases

7.2 African Sleeping Sickness

7.2.1 Introduction and Medical Significance

African sleeping sickness, or African trypanosomiasis, is transmitted by tsetse
flies (Fig. 7.5) and usually occurs at a low level of transmission in tropical Africa,
with occasional epidemic out-breaks. The disease is caused by two closely-related
organisms, Trypanosoma brucei gambiense and Trypanosoma brucei rhodesiense.
It is called sleeping sickness because there is often a steady progression of menin-
goencephalitis, with increase of apathy and somnolence. The patient may gradu-
ally become more and more difficult to arouse and finally becomes comatose. The
gambiense form of the disease may run a protracted course of many years; the
rhodesiense form is lethal within weeks or a few months without treatment (5).
Both forms are always fatal if untreated. Historically, African sleeping sickness
has been a major impediment to the social and economic development of Central
and Eastern Africa (Fig. 7.6). With the use of modern drugs and insecticides, this
disease was effectively reduced in most countries by the mid-1960s (17). However,
in the past 30 yr, major epidemics have reoccurred in the affected regions, mainly

Fig. 7.5 Adult tsetse fly
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B 7. brucei gambiense

ﬂmm T. brucei rhodesiense

Fig. 7.6 Approximate geographic distribution of African trypanosomiasis (redrawn after
Kirchhoff (15))

because of war disrupting the control programs. Currently, countries, such as the
Sudan, Republic of Congo, and Angola, have major problems with sleeping sick-
ness, constituting a major public health threat (17). There are an estimated 50,000 to
70,000 cases of sleeping sickness each year, though hard data are not available (18).

7.2.2 Clinical and Laboratory Findings

In the early stages, African sleeping sickness is characterized by fever, malaise,
headache, and anorexia. The fever is usually irregular and may be initiated by a
rigor (7). Night sweats are frequent. Often, the cervical lymph nodes enlarge, a
condition called Winterbottom’s sign. In the latter stages, there is body wasting,
somnolence, and signs referable to the central nervous system (CNS) (5). Diagnosis
is made by demonstrating the trypanosomes in the blood (Fig. 7.7), cerebrospinal
fluid (CSF), or lymph. Antibodies, specific for T b. gambiense or T. b. rhodesiense
may be demonstrated by ELISA, IFA, or agglutination tests; high levels of IgM are
common in African trypanosomiasis (5).

7.2.3 Ecology of African Sleeping Sickness and Its Vectors

There are over 20 species of tsetse flies in the genus Glossina. Tsetse flies feed on
a wide variety of mammals and a few reptiles; people are not their preferred hosts.
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Fig. 7.7 T. gambiense in blood smear (Armed Forces Institute of Pathology Neg. No. 74-19698)

Both sexes feed on blood and bite during the day. Tsetse flies have a life-span of
about 3mo (less for males), and females give birth to full-grown larvae on dry and
loose soil in places like thickets and sandy beaches. The larvae burrow a few cen-
timeters into the substrate and pupate. The pupal stage lasts 2wk to 1mo, after
which the adult fly emerges to continue the life cycle.

Most of the species of tsetse are vectors of trypanosomes of people and ani-
mals; however, six species are of primary importance as vectors of human
trypanosomiasis. Briefly, the chief vectors of T. gambiense, the cause of the
Gambian form of sleeping sickness, are Glossina palpalis, Glossina fuscipes,
and Glossina tachinoides. The Gambian form has humans, hogs, cattle, and
sheep as reservoir hosts. Cases of Gambian sleeping sickness occur in western
and central Africa and are usually more chronic. In eastern Africa, the Rhodesian
form, which is more virulent, is caused by T. rhodesiense. The Rhodesian form
has a number of wild animal reservoirs. The primary vectors of the Rhodesian
form to humans are Glossina morsitans, Glossina swynnertoni, and Glossina
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pallidipes. Tsetse flies are generally confined to tropical Africa between 15°N
and 20°S latitude. Glossina morsitans is a bush species found in wooded areas
and brush country in eastern Africa. In western and central Africa, where mem-
bers of the G. palpalis group are the principal vectors, the flies are predomi-
nantly found near the specialized vegetation lining the banks of streams, rivers,
and lakes.

7.2.4 Treatment, Prevention, and Control

Generally, African sleeping sickness is treated with Suramin and/or Melarsoprol (Mel-
B7). However, Melarsoprol is fatal in 3—10% of patients treated (18, 19), and there are
other complicating factors. Physicians seeking the most up-to-date treatment recom-
mendations should contact the Parasitic Drug Service, Centers for Disease Control,
Atlanta, GA. Large-scale control efforts include bush clearing along streams to control
breeding sites, aerial spraying of insecticides, surveillance, case detection, and treat-
ment of infected persons. Some recent success in vector control has been attained
using novel fly trapping techniques (Fig. 7.8). In addition, the sterile male release

Fig. 7.8 Tsetse fly trap in Uganda (photo courtesy Rachel Freeman, R.N.)
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technique is currently being tested for tsetse fly control (18). Personal protection meas-
ures against tsetse flies include wearing heavy-material, long-sleeved shirts and long
pants, as well as screening, bed nets, and insect repellents.

7.3 Onchocerciasis

7.3.1 Introduction and Medical Significance

Onchocerciasis, caused by the filarial worm Onchocerca volvulus, is a nonfatal illness
producing dermal nodules and ocular disease. Eye involvement may lead to blindness
(called “river blindness”). The disease, occurring in sub-Saharan Africa and parts of
Mexico, Central, and South America, is transmitted to humans by the bite of black
flies (genus Simulium) (Fig. 7.9). In 1995 the World Health Organization estimated
that at least 17 million people were infected with the disease and 270,000 were blind
(20). Fortunately, since that time, onchocerciasis has been reduced in 11 countries in
West Africa owing to intensive vector control programs and use of the antiparasitic
drug, ivermectin. Until 1987, Suramin and diethylcarbamazine were the only drugs

Fig. 7.9 Black fly, vector of the filarial worm, O. volvulus (from E. Boles, Mississippi Dept.
Health drawing)
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available for the treatment of onchocerciasis, and they could not be used for com-
munity therapy because of their toxicity and the dosage schedules required (21). The
registration of Mectizan (ivermectin, MSD) for treatment of human onchocerciasis in
1987, and the donation of this drug by Merck and Company for as long as needed
provided a new opportunity for the control of this disease (21). Ivermectin-based
control through community-directed treatment has been introduced in 19 other
endemic African countries through the African Program for Onchocerciasis Control
(APOC), and in Yemen and South and Central America through the Program for the
Elimination of Onchocerciasis in the Americas (OEPA) (22).

7.3.2 Clinical and Laboratory Findings

Onchocerciasis is characterized by fibrous nodules in subcutaneous tissues. Adult
filarial worms reside in these nodules. Microfilariae (baby worms) are constantly dis-
charged from these nodules invading various tissues in the body, especially the skin
and eyes. Microfilariae dying in the skin produce an intense pruritic rash, chronic
dermatitis-altered pigmentation, edema, and atrophy (5). Microfilariae reaching the
eye may cause visual disturbances and/or blindness. Diagnosis is made by demonstrating
microfilariae in skin biopsies or urine, or by excising nodules and finding adult worms.
In low-density infections, where microfilariae are not found in skin and are not present
in the eyes, the Mazzotti test (which can be dangerous in heavily infected patients) is
sometimes used. It involves oral administration of a single dose of diethylcarbamazine,
which kills any microfilariae present, resulting in intense pruritus within a few hours.
The itching is then controlled by a short-term course of corticosteroids.

7.3.3 Ecology of Onchocerciasis and Its Vectors

Black flies are small, stout-bodied flies that have blade-like mouthparts. They breed
in swift running water (as opposed to mosquitoes, which breed in still water), such
as streams and rivers, where the larvae attach themselves to rocks and other objects
on the bottom. Adults emerge and generally fly within a range of 12—18km (some
much further) looking for food and mater. Females require a bloodmeal for egg
development; the males never suck blood. Black flies occur in huge swarms, tor-
menting humans, and wild and domestic animals. They are particularly abundant in
the north temperate and subarctic zones, but many species occur in the subtropics
and tropics where factors other than seasonal temperatures affect their developmen-
tal and abundance patterns (11).

Not all black flies are vectors of onchocerciasis. In Africa, members of the
Simulium damnosum and Simulium neavei complexes are important vectors. In fact,
members of the S. damnosum complex are responsible for over 90% of onchocer-
ciasis cases worldwide and more than 95% of cases in Africa (23). In Central and



166 7 Miscellaneous Vector-Borne Diseases

South America, vectors of onchocerciasis include S. ochraceum and S. metallicum.
Humans are the definitive host for the parasite; there is no animal reservoir.
Microfilariae are imbibed with the blood meal when female black flies feed on
infected hosts. The tiny worms try to escape into the fly’s hemocoel, but most fail
to do so. The few microfilariae that succeed in breaking through the gut wall
migrate to the flight muscles of the thorax where they undergo further development.
Eventually, the parasites transform into active, third-stage larval worms, which
move into the fly’s head ready for transmission when it next bites (23).

7.3.4 Treatment, Prevention, and Control

Control of black flies involves application of insecticides for both adults and larvae.
This has only limited success, since it is often difficult to locate and treat all breed-
ing sites. Larviciding with the “biological” control agent, Bacillus thuringiensis
(a spore-forming bacteria that kills the feeding larvae) has shown success in many
African countries participating in the Onchocerciasis Control Program (OCP). The
drug of choice for the management of onchocerciasis is ivermectin (24). Ivermectin
impairs the release of immature worms (microfilariae) from gravid females, thus
reducing symptoms and transmission, but does not kill the adult worms. Treatment
may be required for 10yr or more until the natural death of adult worms.

7.4 Scrub Typhus (ST)

7.4.1 Introduction and Medical Significance

ST, a zoonotic rickettsial infection caused by Orientia tsutsugamushi, is mite-borne
and occurs over much of southeast Asia, India, Sri Lanka, Pakistan, islands of the
southwest Pacific, and coastal Australia (Queensland) (Fig. 7.10). Chiggers are the
vectors, so the name “chigger-borne ricketsiosis” might be more appropriate. ST
occurs in nature in small, but intense foci of infected host animals. These “mite
islands” or “typhus islands” occur where the appropriate combination of rickettsiae,
vectors, and suitable animal hosts occur (5, 25). Epidemics occur when susceptible
individuals come into contact with these areas. Military operations have often been
severely affected by ST. During World War II, ST left a trail of sick soldiers in all
the areas where allied soldiers were sent to contest the advances of the Japanese
armies. In India, Burma, along the old Burma Road, and in the Philippines, there
were 6,861 cases in the American Army, 6,730 among British and Indian troops,
3,188 among the Australians, 613 in the United States Navy, 176 cases among
Merrill’s Marauders, and 349 cases among the Chinese (26). In some areas, more
than one out of every four men with the disease died (26). Casualties were so high
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Fig. 7.10 Approximate geographic distribution of scrub typhus (US Navy figure)

that the Office of the Surgeon General prepared and sent out posters to combat
areas detailing salient points of information about the dangers of ST and methods
for prevention (Fig. 7.11).

7.4.2 Clinical and Laboratory Findings

The bite site is usually unremarkable at first, but after an incubation period of about
10d, a papule may develop, eventually enlarging and undergoing central necrosis
to form an eschar. An eschar (see Chap. 4, Fig. 4.15) is found in 48-82% of ST
patients and is virtually pathognomonic when seen by a physician experienced in
diagnosing ST (27, 28). The acute febrile onset is characterized by headache, pro-
fuse sweating, conjunctival injection, and lymphadenopathy (5). There may be an
accompanying maculopapular rash, which first appears on the trunk, later extend-
ing to the extremities. Photophobia, bronchitis, and cough are also frequently
reported. Untreated, the disease may sometimes progress to deafness, anuria, pul-
monary edema, or cardiac failure. Diagnosis is usually made based on history, clini-
cal presentation, and serological tests, such as enzyme-immunoassay (EIA) or
indirect fluorescent antibody (IFA). A dipstick assay has been developed (Dip-S-
Ticks), which is easy to perform and gives results in about 1h (29). PCR assays
may also be used to diagnose ST. Some labs have the capability to isolate the infec-
tious agent by inoculating the patient’s blood into mice.
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Fig. 7.11 An educational poster used to inform soldiers on the dangers of mite infestations and
on methods of personal protection (US Army Medical Museum)

7.4.3 Ecology of ST and Its Vectors

ST is transmitted among wild rats by the larval stage (not a worm; first stage mites
are called larvae) of trombiculid mites (Fig. 7.12). Larvae of the vector species —
which are mostly all in the genus Leptotrombidium — infest rodents and insecti-
vores, and the distribution of the mites is dependent on the home ranges of the hosts
(Table 7.2). These home ranges do not usually overlap; mite colonies therefore tend
to be isolated from each other and occur as “mite islands.” (25). The rickettsiae are
transstadially transmitted through nonparasitic nymphal and adult mite stages,
which are predatory on soil arthropods, and transovarially through the eggs to para-
sitic larvae of the next generation.

7.4.4 Treatment, Prevention, and Control

Area-wide mite control programs, using pesticides to spray ground and vegetation
in camps and other rural settings, has limited success in controlling the vector
mites. In addition, spraying pant legs and socks with permethrin-based aerosols
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Fig. 7.12 Chigger life cycle (redrawn after Varma (25))

Table 7.2 Some major trombiculid species that transmit the agent of ST

Vector species Approximate distribution Remarks

Leptotrombidium deliense ~ Almost entire area where scrub Overall, principal vector
typhus occurs

L. akamushi Japan Chief vector in Japan

L. fletcheri Malaysia, New Guinea, Philippines

L. arenicola Malaysia Found on sandy beaches

L. pallidum Parts of Japan

L. scutellaris Parts of Japan

L. pavlovsky Far eastern parts of Russia

(identical to tick repellent products, see Chap. 4, Sect. 4.2.4) is an effective way to
prevent contact with infected mites. Treatment of ST is with tetracycline, doxycy-
cline, or chloramphenicol (27, 28). However, there are areas in northern Thailand
where chloramphenicol-resistant and doxycycline-resistant strains of O. tsutsugamushi
occur (30).
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7.5 Louse-Borne Infections

7.5.1 General and Medical Importance of Body Lice

The body louse, Pediculus humanus corporis, is a blood-feeding ectoparasite of
humans (Fig. 7.13). Body and head lice look almost identical, but head lice remain
more or less on the scalp and body lice on the body or in clothing. Body lice are
relatively rare among affluent members of industrial nations, yet they can become
severe under crowded and unsanitary conditions, such as war or natural disasters.
Body lice may transmit the agent of epidemic typhus, and there have been devastat-
ing epidemics of the disease in the past. Typhus is still endemic in poorly developed
countries where people live in filthy, crowded conditions. Besides louse-borne
typhus, body lice transmit the agents of trench fever and epidemic relapsing fever.
Trench fever is still widespread in parts of Europe, Asia, Africa, Mexico, and
Central and South America, but mainly in an asymptomatic form. Epidemic relaps-
ing fever occurs primarily in eastern Africa. Aside from the possibility of disease
transmission, body lice may cause severe skin irritation. The usual clinical presen-
tation is pyoderma in covered areas. Characteristically, some swelling and red
papules develop at each bite site. There are intermittent episodes of mild to severe

Fig. 7.13 The human body louse, vector of epidemic typhus, trench fever, and relapsing fever
organisms (photo copyright 2005 by Jerome Goddard, Ph.D.)
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itch associated with the bites. Compounding this, some individuals become sensi-
tized to antigens injected during louse biting, leading to generalized allergic reac-
tions. Subsequent excoriation of the skin by the infested individual may lead to
impetigo or eczema. Sometimes long-standing infestations lead to a brownish-bronze
pigmentation of the skin, especially in the groin, axilla, and upper thigh regions.

7.5.2 Epidemic Typhus

Louse-borne (epidemic) typhus, caused by the rickettsial organism, Rickettsia
prowazekii, is characterized by high fever for about 2wk accompanied by head-
ache, chills, prostration, bronchial disturbance, and mental confusion (31). In addi-
tion, a macular eruption often appears on the fifth to sixth day, initially on the upper
trunk, followed by spread to the entire body, but usually not to the face, palms, or
soles (5). The case fatality rate increases with age and varies from 10% to 40% (5).
Epidemic typhus is endemic in many areas of the world (Fig. 7.14), and is associ-
ated with poverty, wars, and natural disasters because of poor hygiene, crowding,
and extended wearing of the same clothing (a factor favorable to lice development).
At times, the effects of typhus have been staggering. During World War I, Russia
lost 2-3 million citizens to typhus (11). In World War II, a large outbreak threat-
ened virtually to wipe out Naples, Italy in September of 1943. Under the crowded,
unsanitary conditions of Naples at that time, the death rate reached as high as 81%
(11). Outbreaks still occur today; there was a major outbreak of typhus in Burundi
in the 1990’s because of civil war (32).

Body lice become infected by feeding on the blood of a person acutely ill with
the disease that is, having a high rickettsemia. Infected lice subsequently excrete
rickettsial organisms in their feces while feeding. Humans become infected by rub-
bing or scratching feces or crushed lice into superficial abrasions on the skin.

7.5.3 Trench Fever

Trench fever, caused by Bartonella (=Rochalimaea) quintana, is characterized by
fever, rash, bone pain (especially the shins), and splenomegaly, and ranges in sever-
ity from a mild flu-like illness to a more severe, relapsing disease (33). It is gener-
ally nonfatal. The organism was first identified as a human pathogen when it caused
at least 1 million cases among troops in Europe during World War I (34). Recently,
the disease has re-emerged among homeless persons in North America and Europe,
and has also been found to cause bacillary angiomatosis, endocarditis, and bacter-
emia in HIV-infected persons (34). As in the case of typhus, epidemics depend on
heavy body lice infestations in a susceptible human population living in low socio-
economic conditions.
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7.5.4 Louse-Borne Relapsing Fever (LBRF)

LBREF, caused by the spirochete, Borrelia recurrentis, is a systemic spirochetal
disease characterized by periods of fever lasting 2-9d alternating with afebrile
periods of 2—4d. Symptoms include high fever, headache, prostration, myalgias,
and sometimes gastrointestinal manifestations. LBRF is very similar (if not the
same thing) to tick-borne relapsing fever (see Sect. 4.9. in Chap. 4). Transmission
of the spirochetes is not by bite, but instead, they are introduced several ways: at
the bite site (by crushing the lice), the skin of the crushing fingers, the conjunc-
tivae when people rub their eyes, or through mucous membranes of the mouth
(people sometimes bite lice to kill them) (35). The disease is theoretically cosmo-
politan, but is particularly prevalent in the Ethiopian region (Fig. 7.15). Between
2,000 and 5,000 cases were reported annually from Ethiopia, and a smaller
number from the Sudan between 1967 and 1971 (11). Some authors estimate that
millions of cases of LBRF occurred during the two world wars of the twentieth
century (35).

7.5.5 Treatment, Prevention, and Control of Louse-Borne
Diseases

Doxycycline or chloramphenicol are effective against typhus and probably effective
against trench fever, although gentamicin is sometimes used along with doxycy-
cline for trench fever (5, 33). Tetracycline and doxycycline are effective treatments
for relapsing fever (5, 35). Concurrent with treatment, patients need to be disin-
fected (or disinfested) by the use of insecticidal dusts or sprays and laundering of
clothing and bed covers. Sometimes, community delousing campaigns include
hand or power blowers to apply an effective residual insecticide powder to people
and their clothing.
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Chapter 8
Bed Bugs: Do They Transmit Diseases?

8.1 Introduction and Bed Bug Biology

The common bed bug, Cimex lectularius, has been associated with humans for thou-
sands of years. The word Cimex is derived from the Roman designation for bug, and
lectularius from the Latin name for couch or bed (1). Bed bugs are common in the
developing world, and especially in areas of extreme poverty and crowding. The
blood-sucking parasites had nearly disappeared in developed countries until fairly
recently; systematic studies suggest a dramatic spread since the 1980s (2). The para-
sites have been reported as increasingly common inside U.S. hotel rooms, dorms,
and apartments (3-6). Figure 8.1 shows a heavy bed bug infestation of a mattress.

Bed bugs are cosmopolitan in distribution, found in temperate regions world-
wide (7). Another bed bug species, Cimex hemipterus, is also widespread but is
found mostly in the tropics. Several other bed bug species are found on bats, but
they do not usually bite people (7). Adult bed bugs are ~5mm long, oval, and flat-
tened. They somewhat resemble unfed ticks or small cockroaches. Adults are red-
dish brown (chestnut) (Fig. 8.2); immature bugs resemble adults but may be
yellowish white (Fig. 8.3"). Bed bugs have a pyramid-shaped head with prominent
compound eyes, slender antennae, and a long proboscis tucked backward under-
neath the head and thorax. The prothorax (dorsal side, first thoracic segment) bears
rounded, wing-like lateral horns on each side.

Bed bugs possess stink glands and emit an odor. Homes heavily infested with
the bugs have this distinct odor. Bed bugs feed at night, hiding in crevices during
the day. Hiding places include seams in mattresses, crevices in box springs, and
spaces under baseboards or loose wallpaper. There are five nymphal stages that
must be passed before development to adulthood. Once an adult, the bed bug has a
life span of 6-12mo. At each nymphal stage, the bed bug must take a blood meal
in order to complete development and molt to the next stage. The bugs take about
5-10min to ingest a full blood meal. Bed bugs can survive long periods without
feeding, and when their preferred human hosts are absent they may take a blood
meal from any warm-blooded animal.

Bed bugs have piercing/sucking mouthparts typical of the insect order Hemiptera.
Accordingly, bites from the bugs may produce welts and local inflammation,
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Fig. 8.1 Mattress heavily infested with bed bugs (photo copyright 2005 by Bery Pannkuk, used
with permission)

Fig. 8.2 Adult bed bugs (copyright 2006 by Jerome Goddard, Ph.D.)

probably from allergic reactions to saliva injected during feeding (8—11). On the
other hand, in many persons the bite is undetectable and produces no lesion (12).
Bed bugs bite reactions are generally self-limited and require little specific treat-
ment other than antiseptic or antibiotic creams or lotions to prevent infection.
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Fig. 8.3 Immature bed bugs (copyright 2006 by Jerome Goddard, Ph.D.)

8.2 Bed Bugs and Disease Transmission

The possibility of transmission of human disease agents by bed bugs is controver-
sial. Since the insects repeatedly suck blood from humans and live a relatively long
time, conceivably they might ingest a pathogen and later transmit it. Burton (13)
reported that bed bugs have been suspected in the transmission of 41 human dis-
eases; however, finding a blood-sucking insect infected with a pathogen does not
mean that it is a competent vector of that agent, or even a vector at all (14).

There have been studies of possible HIV transmission by bed bugs. Webb and
colleagues (15) found that HIV could be detected in bed bugs up to 8d after expo-
sure to highly concentrated virus in blood meals, but no viral replication was
observed, nor was any virus detected in bed bug feces. In addition, by using an
artificial system of feeding bed bugs through membranes, the authors could not
demonstrate mechanical transmission of HIV.

Perhaps the best candidate for transmission by bed bugs is hepatitis B virus
(HBV). Pools (groups) of bed bugs collected from huts in northern Transvaal,
South Africa — an area with high rates of human HBV seropositivity — tested
positive for hepatitis B surface antigen (HBSAG) (16). In addition, HBSAG has
been shown to persist in bed bugs for at least 7.5 wk after experimental feeding
(17, 18). However, Jupp and McElligott (17) found no biologic multiplication of
HBYV in bed bugs. Polymerase chain reaction (PCR) assays have detected HBV
DNA in bed bugs and their excrement up to 6 wk after feeding on an infectious
meal (19, 20). Another study suggested that bed bug feces might be considered a
source of mechanical transmission of HBV infection under some circumstances
(21). However, finding HBV surface antigen or PCR amplicons (amplified pieces
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of DNA matching primers used in the test) in feces is no indication of viable
virus. These could be “digested” pieces/parts and not live virus. Further, a two-
year intervention in Gambia wherein insecticides were sprayed extensively inside
human dwellings reduced exposure to bed bugs but had no effect on HBV
infection (22).

Whether HBV infectivity survives the bed bug digestive process is unknown.
A transmission experiment with chimpanzees helped resolve this issue, although
the sample size was small (only three animals) (23). In that study, bed bugs were
fed HB V-infected blood through a membrane. Ten to 13 days later, sub-samples of
the bugs were tested for infectivity; 53—83% were found to be infected. Then, ~200
of the infected bugs took meals from the three chimpanzees. No infections or sero-
conversions resulted. To confirm infectivity of the inoculum, the researchers then
injected the same three animals with a portion of the original blood used to infect
the bed bugs. HBV infections followed quickly in all three chimpanzees.

Whether or not bed bugs transmit human disease agents remains a point of
contention although statements in most mainstream scientific papers on the sub-
ject say they do not (2). Attorneys representing plaintiffs bitten by the bugs in
hotel rooms often firmly state that the risk is real and warrants compensation.
However, until further evidence proves otherwise, I think the best summary of
current data goes something like this: “Even though bed bugs have been found
naturally infected with many disease agents, they have never been proved to trans-
mit even one.”
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Chapter 9
Why Mosquitoes and Other Arthropods
Cannot Transmit HIV

Human immunodeficiency virus (HIV), the etiologic agent of AIDS, is an enveloped,
positive-stranded RNA retrovirus (1). Because HIV is a blood-borne pathogen,
concerns have been raised about its possible transmission by blood-feeding
arthropods. This chapter explores that possibility (Note: much of this discussion
comes from a review article by McHugh (2)). First, distinction should be made
between mechanical and biological transmission of disease agents (see Chap. 2).
Mechanical transmission occurs when arthropods physically carry pathogens from
one place or host to another, while in biological transmission, there is either multi-
plication or development of the pathogen. For biological transmission, the virus
must avoid digestion in the gut of the insect, recognize receptors on and penetrate
the gut, replicate in insect tissue, recognize and penetrate the insect salivary glands,
and escape into the lumen of the salivary duct. In one study by Webb and col-
leagues, HIV virus persisted for 8d in bed bugs (3). Another study by Humphrey-
Smith and colleagues showed the virus to persist for 10d in ticks (4) artificially fed
meals with high levels of virus (210° tissue-culture infective doses/mL [TCID/
mL]), but there was no evidence of viral replication. Intra-abdominal inoculation of
bed bugs and intrathoracic inoculation of mosquitoes were used to bypass any gut
barriers, but again the virus failed to multiply (3). Likewise, in vitro culture of HIV
with a number of arthropod cell lines indicated that HIV was incapable of repli-
cating in these systems. Thus, biological transmission of HIV seems extremely
improbable.

Mechanical transmission would mostly likely occur if the arthropod were inter-
rupted while feeding, and then quickly resumed feeding on a susceptible host.
Transmission of HIV would be a function of the viremia in the infected host and
the virus remaining on the mouthparts or regurgitated into the feeding wound. The
bloodmeal residue on bed bug mouthparts was estimated to be 7 x 10~ mL, but 50
bed bugs, interrupted while feeding on blood containing 1.3 x 10° TCID/mL HIV,
failed to contaminate the uninfected blood on which they finished feeding or the
mouse skin membrane through which they refed (3).

Within minutes of being fed blood with 5 x 10* TCID of HIV, stable flies regur-
gitated 0.2 FL of fluid containing an estimated 10 TCID (5). The minimum infective
dose for humans contaminated in this manner is unknown, but under conditions
such as those in some tropical countries where there are large populations of biting
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insects and a high prevalence of HIV infection, transfer might be theoretically pos-
sible, if highly unlikely. In these countries, however, other modes of transmission
are overwhelmingly important, and although of grave importance to the extremely
rare individual who might contract HIV through an arthropod bite, arthropods are
of no significance to the ecology of this virus.

An epidemiologic survey of Belle Glade, a south Florida community believed to
have a number of HIV infections in individuals with no risk factors, provided no
evidence of HIV transmission by insects (6). Interviews with surviving patients
with the infections revealed that all but a few had engaged in the traditional risk
behavior (e.g., drug use and unprotected sex). A serosurvey for exposure to mos-
quito-borne viruses demonstrated no significant association between mosquito
contact and HIV status, nor were repellent use, time outdoors, or other factors
associated with exposure to mosquitoes related to risk of HIV infection. A serosur-
vey for HIV antiodies detected no positive individuals between 2 and 10yr of age
or 60 and older. No clusters of cases occurred in houses without other risk factors.
There was thus no evidence of insect-borne HIV transmission.
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Chapter 10
Brown Recluse Bites: Facts and Fables

10.1 Introduction and Biology

Spiders in the family Loxoscelidae, and specifically the genus Loxosceles (comprising
more than 50 species in Eurasia, Africa, and the Americas), are medically impor-
tant because of their cytotoxic and hemolytic venom (1). In the United States, the
most notorious member of this genus is Loxosceles reclusus, the brown recluse
(BR) (2), although several other Loxosceles species live in the southwestern US
deserts (Fig. 10.1) (2, 3). Many cases of necrotic skin wounds — necrotic arachnidism
— have been attributed to bites by these spiders, (3—-5) as have fatalities caused by
systemic reactions, such as hemolytic anemia (6-8).

The biologic characteristics and distribution of the BR spider have been described
elsewhere (9, 10). Adult BR spiders are about the size of a quarter (legs included)
and may be any one of several shades of brown. There are no visible markings other
than a well-defined dark area on the cephalothorax that resembles a violin — hence,
the common name, fiddleback spider (Fig. 10.2). These spiders are reclusive, prefer-
ring dark areas for their habitat, such as attics, closets, basements, sheds, barns, and
other outbuildings. They may also be found behind pictures of furniture, or in stacks
of papers, debris, and firewood in and around the home.

BR spiders spin a coarse, irregular web and, unlike orb-weaving spiders, do not
produce the large, prominent webs commonly seen around homes. The endemic
range of the BR spider is southeastern Nebraska through Texas, east to Georgia and
southernmost Ohio. These spiders may occasionally be found in homes or house-
hold goods in areas in which they are not endemic when people move from one part
of the country to another.

10.2 Facts and Fables About Brown Recluse Bites

Although the bites of BR spiders are dangerous, the evidence for these spiders’
aggressive biting behavior and the widespread negative health impact on humans is
not as strong as once thought. Almost 5,000 BR spider bites are reported to poison
control centers each year; if epidemiologic data and confirmed cases are any indication,
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Loxosceles reclusa
(brown recluse)

Fig. 10.1 Approximate geographic distributions of spiders that cause necrotic arachnidism (CDC
figure)

Fig. 10.2 Brown recluse spider (photo copyright 1999 by Jerome Goddard, Ph.D.)
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most of the reported bites are caused by something else (11, 12). The problem is
that hundreds of BR spider bites are being diagnosed in areas in which the spiders
occur sparsely, if at all (13).

For example, in 41 mo of data collection, researchers were informed of 216 BR
spider bite diagnoses from California, Oregon, Washington, and Colorado; how-
ever, the same researchers could only confirm identification of 35 BR or
Mediterranean recluse spiders from those same four states (14). In Florida, medical
personnel diagnosed 124 BR spider bites from 31 counties during a 6-yr period, yet
arachnologists only have records of about 70 BR spiders being found in ten Florida
counties over the past 100yr (15)!

I personally am aware of two correctional facilities in Mississippi where “doz-
ens” of medically documented BR spider bites have occurred, yet pest-control
professionals and Cooperative Extension Service entomologists have failed to find
even one BR spider. From the entomologic perspective, it borders on the ridiculous
to claim that dozens of persons have been bitten by BR spiders when none can be
found. These spiders are not that reclusive.

BR spiders are not aggressive. A BR spider typically bites defensively when it is
accidentally trapped against human skin while a person is dressing or sleeping (13).
Often, no biting incidents occur even when hundreds of the spiders are present in a dwell-
ing. Vetter and Barger (16) reported finding more than 2,000 BR spiders in a home in
Kansas inhabited by a family of four, with no bites recalled or reported by the family.

Reactions to BR spider bites are also probably exaggerated. Things must be kept
in perspective. Certainly, there is evidence that the venom can cause unsightly spots
of necrosis on human skin. As a graduate student, I participated in experiments in
which laboratory animals were injected intradermally with BR spider venom.
Horrible lesions often developed within 10d of those injections, so no one is going
to convince me that these lesions cannot also happen on human skin.

Reactions to BR spider bites can vary from no reaction to a mild red wound to
a wound with terrifying necrotic flesh. However, Masters and King (17) say that
cutaneous necrosis usually does not develop after untreated BR spider bites. Cacy
and Mold (18) reported that 149 of 405 BR spider bites produced necrosis, which
means that 60% of bites did not. Therefore, the majority of BR spider bites heal on
their own without serious scarring.

Reports of deaths from BR spider bites are not strongly supported. To my knowledge,
no deaths from BR spider bites have been proved — cases in which the offending spider
was collected and identified by an expert. Again, things must be kept in perspective. In
my opinion, most claims of deaths from BR spider bites (caused by subsequent hemo-
lytic anemia) are reasonable, intuitive, and probably true, but absolute proof is lacking.

10.3 Differential Diagnosis

The diagnosis of BR spider bites is based on clinical presentation and history
(unless, of course, the patient brings in the offending specimen). Although at least
one researcher has developed a diagnostic immunoassay (19), there is currently no
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widely available laboratory test to confirm whether a patient has been bitten by a
BR spider.

The BR spider bite lesion varies in appearance, but generally it is a dry blue-gray
or blue-white irregular sinking patch with ragged edges, surrounded by erythema
(the “red, white, and blue sign”) (11, 17). The lesion often is asymmetric and
gravity-dependent, because of the downward flow of venom through tissues. A
perfectly symmetric necrotic lesion is often not caused by a BR spider bite.
Necrosis and sloughing of tissues may follow over days or weeks, leading to an
unsightly, sunken scar (Fig. 10.3).

Many other conditions may lead to spots of necrosis on human skin resembling
BR spider bites and should be considered by physicians before they make a diagnosis

Fig. 10.3 Brown recluse spider bite 4 months post-bite (photo from Mississippi State University
Extension Service, Publ. No. 2154)
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Table 10.1 Conditions that may be mistaken for brown recluse spider bite?

Anthrax

Cellulitis

Chagas disease

Contact or chemical dermatitis
Cutaneous/focal vasculitis
Decubitus ulcer

Diabetic or venous stasis ulcer
Drug eruption

Ecthyma gangrenosum
Herpes simplex

Herpes zoster

Impetigo

Lyme disease
Lymphomatoid papulosis
Necrotizing fasciitis
Other arthropod bites
Polyateritis nodosa
Pyoderma gangrenosum
Soft tissue trauma
Sporotrichosis

Tularemia

“Not an exhaustive list of conditions that may cause necrotic wounds

of BR spider bite (Table 10.1). The most common causes of necrotic wounds mis-
diagnosed as BR spider bites are infections with Staphylococcus and Streptococcus
species. Skin and soft tissue infections caused by methicillin-resistant Staphylococcus
aureus are steadily increasing (20).

10.4 Treatment of Bites

Unfortunately, fables also plague the subject of treating patients who have BR
spider bites. The fact that a large proportion of bites are unremarkable and do not
become necrotic contributes to the confusion. For example, a layperson might
claim that rubbing tobacco juice on a bite lesion prevents necrosis (because no
necrosis subsequently occurs). Before long, the idea of using tobacco juice for BR
spider bites would become widespread.

There are several treatments for BR spider bites reported in the lay and scientific
literature, such as excision, systemic or locally injected corticosteroids, antibiotics,
antihistamines, colchicines, electric shock, hyperbaric oxygen, and nitroglycerin
patches of ointment (2, 18, 21-24). However, controlled studies of these strategies
are mostly lacking. Evidence indicates that surgical excision is not beneficial and,
in most cases, delays healing (25). Systemic corticosteroids have also been associ-
ated with slower healing of BR spider bites (26). Nitroglycerin apparently does not
help (27). One randomized controlled study failed to show any benefit of hyper-
baric oxygen in the management of BR spider bites (28).
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The leukocyte inhibitor dapsone has often been recommended for management of
BR spider bites, because neutrophil infiltration is necessary for lesion development
(22-24, 29). Dapsone is contraindicated in persons with glucose-6-phosphate dehy-
drogenase (G6PD) deficiency because of potential massive hemolysis. In addition,
dapsone may produce side effects (even in non-G6PD-deficient patients) that could
be confused with the systemic effects of BR spider bites: malaise, nausea, and hemo-
lysis. At least one case of pancreatitis was reported following use of dapsone (29).

There is some evidence that dapsone may not be effective in treating BR spider
bites. A randomized, blinded, controlled study of venom effects in rabbits failed to
show any benefit from the use of this drug (30). Another study showed that use of
dapsone was associated with slower healing of BR spider bite wounds (26). On the
other hand, at least one letter published in the New England Journal of Medicine
cites clinical experience indicating that dapsone is the most suitable treatment and
leads to a satisfactory resolution (22). Apparently, the jury is still out on the use
of dapsone for management of BR spider bites. We do not yet know whether its
efficacy is fact or fable.
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Chapter 11
Fire Ant Attacks on Humans

11.1 The Problem

During the past 15yr, a series of articles has been published describing the biologic
and entomologic characteristics of imported fire ants (IFAs) and the medical conse-
quences of their stings (1-5). IFAs include Solenopsis invicta, Solenopsis richteri,
and their hybrid Solenopsis invicta x richteri (6, 7). Fire ants currently infest at least
330 million acres over much of the southern United States. Because of the ubiquity
and aggressiveness of the ants, human encounters with IFAs in areas in which the
ants are endemic are virtually inevitable. The ants favor disturbed habitats, and the
progressive urbanization of the United States, especially in the Sun Belt, has acceler-
ated their spread.

Polygyne (multiple-queen) organization, in which numerous egg-laying queens
reside in a single colony, permits as many as 600 or so fire ant mounds per acre in some
areas. In rural areas, fire ants attack both humans and animals (4). They also may dam-
age farm equipment, electrical systems, irrigation systems, and crops. In urban settings,
fire ants build mounds in sunny, open areas, such as lawns, playgrounds, ball
fields, parks, and golf courses, as well as along road shoulders and median strips. In addi-
tion, they sometimes move their colonies underneath pavement and alongside buildings.

IFAs seek sites necessary for colony survival during periods of environmental
stress, such as during food shortages, hot and dry summers, or heavy rainfall.
Inhabited dwellings can be ideal environments for fire ants because of the availabil-
ity of food, moisture, and protection from extremes in weather. Thus, humans come
into contact with ants not only outdoors but also indoors.

When a mound is disturbed, thousands of ants swarm to the surface and sting just
about anything in sight. Few, if any, personal protective measures have any effect
against fire ant attacks. This author has conducted numerous experiments testing
repellents and other chemical substances against fire ants to see whether any of these
substances stopped (or even slowed) the stinging response; nothing seemed to work
(8). In experiments using a twisted paper towel saturated with various substances,
sulfur was slightly more effective in mitigating the sting response than other sub-
stances. However, when a child’s sock was saturated with sulfur and placed in a fire
ant mound, there was rapid and aggressive stinging of the sock.
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Fig. 11.1 Fire ant stinging (photo courtesy Dr. James Jarratt, Mississippi State University
Extension Service)

Typically, 30-60% of persons living in infested urban areas are stung by IFAs
each year (2, 9, 10). However, one survey reported stings in 89% of subjects or
immediate family members per year (11). Furthermore, 55 (51%) of 107 previously
unexposed persons were stung within 3wk of arrival in an area in which fire ants
were endemic, and specific IgE antibody to fire ant venom developed in 8 (14.5%)
of these 55 (12).

Stings occur most frequently during summer, most commonly in children, and
typically on the lower extremities. When stinging, the ant uses its powerful mandi-
bles to hold onto the skin, often arching its body, and injects venom through the
stinger located at the tip of its abdomen (Fig. 11.1). The ant will sting repeatedly if
not quickly removed. Stings are characterized by an immediate intense burning (the
“fire” inspiring the name of the ant) and itching at the sting site. However, stings
that occur during the off-season (winter months) may not cause as much pain and
may go unnoticed until the local reaction develops. This may reflect seasonal dif-
ferences in IFA venom protein concentration. Generally, within 8-24h a pustule
develops at each sting site which may persist 3d to 1 wk (Fig. 11.2) (13).

11.2 Effects of the Venom

Fire ant venom is different from venom of most other stinging insects because it
contains only 1% protein (14). The venom possesses hemolytic, neurotoxic, and
cytotoxic activity and has the ability to inhibit sodium and potassium adenosine
triphosphatases, reduce mitrochondrial respiration, uncouple phosphorylation, and
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Fig. 11.2 Fire ant stings on back (photo copyright 2005 by Jerome Goddard, Ph.D.)

adversely affect neutrophil and platelet function (15, 16). Also, it has recently been
found to inhibit nitric oxide synthetase (16, 17). Nitric oxide inhibitors may pro-
mote bronchospasm during anaphylaxis and adversely affect cardiac function (18).
The presence of D-dimers noted in some patients who have been stung reflects
activation of the contact system by venom components (3, 16, 19).

All the above properties of fire ant venom may contribute to activation of the
coagulation system and severity of anaphylaxis seen in some patients (3, 20). When
symptoms compatible with acute allergic reactions develop in stung patients, serum
tryptase levels may be useful in distinguishing anaphylaxis from other reactions (5,
20). In a previous study, serum tryptase levels obtained within 24 h of death were
elevated in nine of nine persons who died of anaphylaxis after hymenopteran stings
(21). During an anaphylactic episode, levels generally reach a peak 15-30 min after
the sting and then decrease, with a half-life of 1.5-2.5h.

11.3 Infectious Complications

Secondary complications from fire ant stings frequently involve bacterial infections.
Chronically ill or intoxicated patients who receive many stings are the persons in
whom complications most commonly occur (22). The originally sterile fluid in pus-
tules becomes contaminated after a person scratches the lesions. Although infections
are usually not very severe, generalized sepsis and renal insufficiency have been
observed (23). Three case reports of secondary infection have been reported in
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detail; one involved cellulitis from B-hemolytic streptococci (22, 24). For the preven-
tion of such infections, the authors of that study recommended cleansing sting sites
with soap and water, avoiding excoriation, and immediately treating secondary
infection (23, 24). In addition to bacterial infections, there is at least one report of a
fungal infection (sporotrichosis) resulting from fire ant stings (24).

11.4 Protecting Patients in Health Care
Facilities from Ant Attacks

The extremes in weather that cause movement of fire ants into inhabited dwellings
are especially problematic for health care facilities, such as nursing homes. During
the spring, when soils become saturated, IFA colonies may move inside to look for
drier conditions. Similar movement of ants may occur during periods of drought,
when they will travel toward moisture if it is found inside. Another important factor
facilitating movement of IFAs to the inside is proximity of ant mounds to the foun-
dation of a building.

Most persons are able to detect fire ants’ stinging and thus can move, jump, or
run to avoid further injury, but special care is required to ensure that patients in
long-term care facilities are not stung by fire ants (25). Patients in these facilities
may not be aware of their surroundings, may be immobilized by disease, or may be
otherwise incapacitated and unable to respond if ants come in contact with them.
Once foraging fire ants come in contact with a patient, a variety of external stimuli,
including movement of the patient, might trigger a stinging event that leads to
multiple stings in a very short period.

Some commonsense suggestions for prevention of indoor fire ant infestations
include:

. Watching for IFA infestations indoors during weather extremes
. Keeping patients’ beds and linens away from walls and floors

. Limiting food in beds

. Placing food in the room in a well-sealed (airtight) container

AW =

Fire ant management also includes a systematic plan for keeping the pests out of
health care facilities and, if they enter, ways to mitigate their effects. Close coordi-
nation with a licensed pest control firm is critical. Once fire ants are found on a
patient, clinical evaluation is needed as well as possible transport (depending on
findings) to the nearest emergency department.
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Chapter 12
Medical Conditions Caused by Arthropod
Stings or Bites

12.1 Introduction and Medical Significance

Arthropods cause a wide variety of clinical conditions in humans, but especially
skin lesions, because people are inevitably exposed to biting and stinging organ-
isms in the urban and suburban environment (1-5). Skin lesions resulting from
arthropod exposure may arise via various pathologic pathways, such as direct
damage to tissue, hypersensitivity reactions to venom or saliva, or infectious
disease. The subject of hypersensitivity reactions is generally outside the scope of
this volume, but even in the absence of allergic reactions to venom or saliva, much
human morbidity is the result of direct effects (injury) of arthropod biting/stinging.
Direct injury can occur from mouthparts or stingers piercing human skin (6). In
some cases, proteins in venom or saliva may cause direct mast cell degranulation,
leading to urticaria (7). In addition, secondary infections may result from bacteria
entering the skin via the bite/sting punctum. This is especially likely if the bite/sting
site is scratched extensively. As discussed in Part II, many vector-borne infectious
diseases can produce skin lesions such as rash, ulcers, or eschar.

12.2 Pathogenesis

12.2.1 Mouthpart Types

Insect mouthparts, at least in the medically important species, can be generally
divided into three broad categories:

1. Biting and chewing.
2. Sponging.
3. Piercing-sucking (Fig. 12.1).

Within these categories, there are numerous adaptations and/or specializations
among the various insect orders. Biting and chewing mouthpart types, such as those
in food pest insects, and sponging mouthpart types (Fig. 12.2d), found in the filth
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Fig. 12.1 Various insect mouthpart types: a Chewing, b Sponging, and ¢ Piercing-sucking
mouthparts (adapted from US DHHS, CDC, Publication No. 83: 8297 and other sources)

fly groups, are of little significance regarding human bites, but piercing-sucking
mouthparts, and especially the bloodsucking types, are of considerable importance.
Insect piercing-sucking mouthparts vary in the number and arrangement of needle-
like blades (stylets), and the shape and position of the lower lip of insect mouth-
parts, the labium (Fig. 12.2). Often, what is termed the proboscis of an insect with
piercing-sucking mouthparts is an ensheathment of the labrum, stylets, and labium.
These mouthparts are arranged in such a way that they form two tubes. One tube is
usually narrow, being a hollow pathway along the hypopharynx, and the other is
wider, formed from the relative positions of the mandibles or maxillae. On biting,
saliva enters the wound via the narrow tube, and blood returns through the wider
tube by action of the cibarial or pharyngeal pump.

12.2.2 Sting Apparatus

In all stinging wasps, bees, and ants (insect order Hymenoptera), the stinger is a
modified ovipositor, or egg-laying device, that usually no longer functions in egg
laying. Accordingly, in the highly social Hymenoptera, only a queen or other repro-
ductive caste member lays eggs; the workers gather food, conduct other tasks, and
can sting intruders. A typical ovipositor (nonstinging) consists of three pairs of
elongate structures, called valves, which can insert the eggs into plant tissues, soil,
and so forth. One pair of the valves makes up a sheath and is not a piercing struc-
ture, whereas the other two pairs form a hollow shaft that can pierce substrate in
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b Stylet Type

¢ Labium-piercing Type d Sponging Type
(Non-Biting)

Fig. 12.2 Typical mouthparts of medically important Diptera (from U.S. Navy Laboratory Guide
to Medical Entomology, 1943)

order for the eggs to pass down through. Two accessory glands within the body of
the female inject secretions through the ovipositor to coat the eggs with a glue-like
substance.

For the stinging configuration, the ovipositor is modified to enable stinging (Fig.
12.3). The genital opening from which the eggs pass is anterior to the sting appa-
ratus, which is flexed up out of the way during egg laying. Also, the accessory
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Fig. 12.3 Cut away view of yellowjacket sting apparatus (from USDA Agri. Hndbk. No. 552)

glands have been modified. One now functions as a venom gland and the other,
called the Dufour’s gland, is important in production of pheromones. The venom
gland is connected to a venom reservoir or poison sac, which may contain up to
0.1 mL of venom in some of the larger hymenopterans.

The stinger itself is well adapted for piercing vertebrate skin. In the case of yel-
lowjackets (Fig. 12.4) there are two lancets and a median stylet that can be extended
and thrust into a victim’s skin. Penetration is not a matter of a single stroke, but
instead, alternate forward strokes of the lancets, sliding along the shaft of the stylet.
The tips of the lancets are slightly barbed (and actually recurved like a fishhook in
the case of honeybees) so that they are essentially sawing their way through the
victim’s skin. Contraction of venom sac muscles injects venom through the channel
formed by the lancets and shaft. The greatly barbed tip of the lancets in honeybees
prevents the stinger from being withdrawn from vertebrate skin. Thus, the sting
apparatus is torn out as the bee flies away. Other hymenopterans, on the other hand,
can sting repeatedly.
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Fig. 12.4 Yellowjacket showing stinger (photo copyright 2008 by Jerome Goddard, Ph.D.)

12.2.3 Direct Damage to Tissue

Some lesions are the result of direct tissue damage from stings or bites. Arthropod
mouthparts puncture skin by various mechanisms (siphoning tube, scissor-like
blades, and so on) leading to skin damage. In this case, damage may be a small
punctum, dual puncta (from fangs), or lacerations. By far, most lesions on human
skin are produced by host immune reactions to the offending arthropod salivary
secretions or venom (2). Arthropod saliva is injected while feeding to lubricate the
mouthparts on insertion, increase blood flow to the bite site, inhibit coagulation of
host blood, anesthetize the bite site, suppress the host’s immune and inflammatory
responses, and/or aid in digestion. Stingers are needle-like structures that may punc-
ture and damage human skin as well. Venom from certain spiders may directly affect
human skin, causing tissue death (necrosis). In the United States violin spiders are
primarily responsible for necrotic skin lesions, although sac spiders (Cheiracanthium
spp.) and hobo spiders may also cause necrotic arachnidism (8, 9). Brown recluse
spider venom contains a lipase enzyme, sphingomyelinase D, which is significantly
different from phospholipase A in bee and wasp venoms. This specific lipase is the
primary necrotic agent involved in the formation of the typical lesions. It is possible
that neutrophil chemotaxis is induced by sphingomyelinase D. The subsequent
influx of neutrophils into the area is critical in the formation of the necrotic lesion.

12.2.4 Infectious Complications

Secondary infection with common bacterial pathogens can occur in any lesion in
which the integrity of the dermis is disrupted, whether by necrosis or excoriation (10).
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Infection may result in cellulitis, impetigo, ecthyma, folliculitis, furunculosis, and
other manifestations. Three findings may be helpful in making the diagnosis of
secondary bacterial infection (10):

1. Increasing erythema, edema, or tenderness beyond the anticipated pattern of
response of an individual lesion suggests infection.

2. Regional lymphadenopathy can be a useful sign of infection, but it may also be
present in response to the primary lesion without infection.

3. Lymphangitis is the most reliable sign and suggests streptococcal involvement.

12.3 Clues to Recognizing Insect Bites or Stings

12.3.1 Diagnosis

If a patient recalls no insect or arachnid exposure, arthropod bites or stings may
pose difficulty in diagnosis. Alexander (1) described a typical hymenopteran sting
(excluding ants) as a central white spot marking the actual sting site surrounded by
an erythematous halo. Generally, the entire lesion is a few square centimeters in
area. Of course, allergic reactions may result in much larger lesions (Fig. 12.5). He
also described an initial rapid dermal edema with neutrophil and lymphocyte infil-
tration. Plasma cells, eosinophils, and histiocytes appear later.

Arthropod bites should be considered in the differential diagnosis of any patient
complaining of itching. Bites are characterized by urticarial wheals, papules, vesicles,
and less commonly, blisters. After a few days or even weeks secondary infection,

Fig. 12.5 Sing reaction (photo copyright 2007 by Wendy Varnado, used with permission)



12.4 Summary and Conclusions 207

discoloration, scarring, papules, or nodules may persist at the bite site (3).
Complicating the picture further is the development of late cutaneous allergic
responses in some atopic individuals. Diagnosis may be especially difficult in the
case of biopsies of papules or nodules. Biopsies may reveal a dense infiltrate of a
mixture of inflammatory cells, such as lymphocytes, plasma cells, histiocytes, giant
cells, neutrophils, and eosinophils. Lesions containing a majority of lymphocytes
could be mistaken for a lymphomatous infiltrate. If the infiltrate is predominantly
perivascular and extending throughout the depths of the dermis, the lesion might be
confused with a lupus erythematosus. Eosinophils are commonly seen in papules or
nodules from arthropod bites. There may be a dense infiltration of neutrophils,
resembling an abscess. Occasionally arthropod mouthparts may still be present
within the lesion, and there may be a granulomatous inflammation in and around
these mouthparts. Scabies mites occur in the stratum corneum and can usually be
seen on microscopic examination. New lesions from scabies, such as papules or
vesicles are covered by normal keratin, whereas older lesions have a heaped-up
parakeratotic surface (1). There may also be a perivascular infiltrate of lym-
phocytes, histiocytes, and eosinophils (1). Histopathologic studies of late cutaneous
allergic responses have revealed mixed cellular infiltrates, including lymphocytes,
polymorphonuclear leukocytes, and some partially degranulated basophils. A
prominent feature of late cutaneous allergic reactions has been fibrin deposition
interspersed between collagen bundles in the dermis and subcutaneous tissues.
Diagnosis of insect bites or stings depends on

1. Maintaining a proper index of suspicion in this direction (especially during the
summer months).

2. A familiarity of the insect fauna in one’s area.

3. Obtaining a good history.

It is very important to find out what the patient has been doing lately, e.g., hik-
ing, fishing, gardening, cleaning out a shed, and so forth. However, even history can
be misleading in that patients may present a lesion that they think is a bite or sting,
when in reality the correct diagnosis is something like urticaria, folliculitis, or delu-
sions of parasitosis. Physicians need to be careful not to diagnose “insect bites”
based on lesions alone and should call on entomologists to examine samples.

12.4 Summary and Conclusions

A human’s first line of defense against invasion or external stimuli is the skin. It may
react in a variety of ways against all kinds of stimuli — physical or chemical — includ-
ing arthropods and their emanations. Lesions may result from arthropod exposure,
although not all lesions have the same pathological origin — some are owing to
mechanical trauma, some owing to infectious disease processes, and some result
from sensitization processes. Physicians and other health care providers are fre-
quently confronted with patients having skin lesions attributed to a mysterious
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arthropod bite or sting. Diagnosis is difficult, but may be aided by asking the patient
numerous questions about the event and any recent activity that might have led to
arthropod exposure. The following questions might provide useful information:
“Did you see the offending arthropod?” “Was it worm-like?”” “Did it fly?” “Where
were you when these lesions occurred?” Most treatments (except in cases of infec-
tious diseases) involve counteracting immune responses to venoms, salivary secre-
tions, or body parts using various combinations of antihistamines and corticosteroids.
Infectious diseases may require aggressive antibiotic/supportive care.
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Chapter 13
Myiasis

13.1 Introduction and Medical Significance

The condition of fly maggots infesting the tissues of people or animals is referred
to as myiasis. Specific cases of myiasis are clinically defined by the affected
areas(s) involved. For example, there may be traumatic (wound), gastric, rectal,
auricular, and urogenital myiasis, among others. Although not an infectious disease
in the strictest sense, myiasis cases are often seen by family physicians or infectious
disease specialists. Myiasis can be accidental, when fly larvae occasionally find
their way into the human body, or facultative, when fly larvae enter living tissue
opportunistically after feeding on decaying tissue in neglected, malodorous
wounds. Myiasis can also be obligate in which the fly larvae must spend part of
their developmental stages in living tissue. Obligate myiasis is true parasitism and
is the most serious form of the condition.

Fly larvae are not capable of reproduction, and therefore, myiasis should not be
considered contagious from patient to patient. Transmission of myiasis occurs only
via an adult female fly.

13.1.1 Accidental Myiasis

Accidental enteric myiasis (sometimes referred to as pseudomyiasis) is mostly a
benign event, but fly larvae could possibly survive temporarily, causing stomach
pains, nausea, or vomiting. However, care should be exercised in diagnosing
enteric myiasis, since many cases, some of which get into the scientific literature,
are actually contamination of the toilet bowl or stool itself after the fact. Seeing
maggots in the stool or toilet bowl is so alarming that patients may overlook other
possibilities. This author once investigated a case wherein soldier fly (Hermetia
illucens) larvae were frequently being found in a woman’s toilet bowl (Fig. 13.1).
She, of course, feared that the larvae were infesting her body. As it turned out, on
disengaging and lifting the toilet up from the floor, numerous fly larvae were found
living in the “scum” lining the pipe and even in the toilet wax seal.
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Fig. 13.1 Soldier fly larvae which are often found in toilet bowls (photo copyright 2007 by
Jerome Goddard, Ph.D.)

Fig. 13.2 Cheese skipper P. casei (from USDA, publ. ref. (2))

Certainly some cases are genuine (1). Numerous fly species in the families
Muscidae, Calliphoridae, and Sarcophagidae may produce accidental enteric
myiasis. Some notorious offenders are: the cheese skipper, Piophilia casei (Fig.
13.2), the black soldier fly, H. illucens, and the rat-tailed maggot, Eristalis tenax
(Fig. 13.3). Other instances of accidental myiasis occur when fly larvae enter the
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Fig. 13.3 Rat-tailed maggot E. fenax a adult and b larva (from USDA publ., ref. (2))

urinary passages or other body openings. Flies in the genera Musca, Muscina,
Fannia, Megaselia (Fig. 13.4), and Sarcophaga have often been implicated in
such cases.

13.1.2 Facultative Myiasis

Facultative myiasis may result in considerable pain and tissue damage as fly larvae
leave necrotic tissues and invade healthy tissues. Numerous species of Muscidae,
Calliphoridae, and Sarcophagidae have been reported in cases of facultative myia-
sis (Figs. 13.5 and 13.6). In the United States, the calliphorid Lucilia sericata has
been reported causing facultative myiasis on several occasions (2—4). Another cal-
liphorid, Chrysomya rufifacies, has been recently introduced into the United States
from the Australasian region and is also known to be regularly involved in faculta-
tive myiasis (5). Other muscoid fly species that may be involved in this type of
myiasis include: Calliphora vicina, Phormia regina, Cochliomyia macellaria, and
Sarcophaga haemorrhoidalis.
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Fig. 13.4 Various hump-backed flies and their larvae (from USDA publ., ref. (2))

13.1.3 Obligate Myiasis

Some fly species must develop in the living tissues of a host. This is termed obli-
gate myiasis, and is mostly seen in sheep, cattle, horses, and many wild animals. In
people, obligate myiasis is primarily owing to the screwworm flies (Old and New
World) and the human bot fly (Figs. 13.7 and 13.8). Obligate myiasis from the
human bot fly of Central and South America is rarely fatal, but the condition has
led to considerable pathology and death in the case of screwworm flies. Screwworm
flies use livestock as primary hosts, but will infest humans. If, for example, a
female screwworm fly oviposits just inside the nostril of a sleeping human, hun-
dreds of developing maggots may migrate through the turbinal mucous membranes,
sinuses, and other tissues. Surgical removal of all the larvae would be extremely
difficult. Fortunately, because of the sterile male release program, screwworm flies
have been eliminated from the United States and Mexico.

More rarely, fly species that infest wild animals may attack humans. These cases
may present as a “maggot in a boil” or other furuncular-like lesion. Since the lesion
develops in otherwise healthy tissue, and since there is often no international travel
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Fig. 13.5 Blow fly C. macellaria a larva and b adult (from USDA publ., ref. (2))

b

Fig. 13.6 Flesh fly Sarchophaga spp. a larva and b adult (from USDA publ., ref. (2))
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f

e

Fig. 13.7 Old World screwworm flies, Chrysomya spp. a Chysomya albiceps larva, b same,
showing posterior view of larval spiracles, ¢ Chrysomya chloropyga larva, d same, showing pos-
terior view of larval spiracles, e Chrysomya megacephalus, face of male, and f face of female
(from USDA publ. ref. (2))

-

Fig. 13.8 Human bot fly larva Dermatobia hominis

history, physicians are stymied regarding the identification of these fly larvae. In
one such case that this author investigated, a 3-yr-old boy somehow became
infested with a bot fly larva that normally attacks squirrels, chipmunks, or rabbits
(6). The family lived in a rural area near large tracts of woods containing abundant
wildlife. According to the mother, the boy complained of being “stung” on his side
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and neck while watching television early one morning. She said that within 5 min,
typical sting-like “welts” occurred at the places the child pointed out. Within 2d, a
line of vesicles extended away from the lesions — presumably caused by the larvae
migrating in the skin. The lesion on his side extended upward in a sinuous fashion
about 10cm, ending in a small papule. No further development occurred at the side
lesion (apparently the larva died). The larva in his neck continued to enlarge and
migrated about 4 cm laterally. After about 14 d, the dermal tumor was inflamed and
contained a central opening about 3 mm in diameter, apparently through which the
larva obtained air. The child often cried and complained of severe pain. Despite
numerous trips to physicians, the myiasis was not diagnosed until almost 4 wk after
the initial “stinging incident.” An ER physician expressed the larva, which was
ultimately forwarded to the Health Department for identification. On examination,
the specimen was identified as a second-stage larva of a fly in the genus Cuterebra
(the rabbit and rodent bot flies).

13.2 Contributing Factors

13.2.1 Accidental Myiasis

Accidental enteric myiasis occurs from ingesting fly eggs or young maggots on
uncooked foods or previously cooked foods that have been subsequently infested.
Cured meats, dried fruits, cheese, and smoked fish are commonly infested foods.
Other cases of accidental myiasis may occur from contaminated catheters, douching
syringes, or other invasive medical equipment, or sleeping with body exposed.

13.2.2 Facultative Myiasis

Several fly species lay eggs on dead animals or rotting flesh — especially blow flies
and flesh flies. Accordingly, these flies may mistakenly oviposit in a foul-smelling
wound of a living animal. The developing maggots may subsequently invade
healthy tissue. Facultative myiasis most often is initiated when flies oviposit in
necrotic, hemorrhaging, or pus-filled lesions. Wounds with watery alkaline dis-
charges (pH 7.1-7.5) have been reported as being especially attractive to blow flies.
Facultative myiasis frequently occurs in semi-invalids who have poor (if any)
medical care. Often, in the case of the very elderly, their eyesight is so weak that
they do not detect the infestation. In clinical settings, facultative myiasis mostly
occurs in incapacitated patients who have recently had major surgery or those hav-
ing large or multiple uncovered or partially covered festering wounds. However, not
all human cases of facultative myiasis occur in or near a wound. In the United
States, larvae of the blow fly L. sericata have been reported from the ears and nose
of healthy patients with no other signs of trauma in those areas (7).
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13.2.3 Obligate Myiasis

Obligate myiasis is a zoonosis; humans are not the ordinary host, but may become
infested. Human infestation by the human bot fly is very often via a mosquito bite
— the eggs are attached to mosquitoes and other biting flies; however, human screw-
worm fly myiasis is a result of direct egg laying onto a person, most often in or near
a wound or natural orifice. Screwworm flies lay eggs during daytime.

13.2.4 Myiasis in Clinical Practice

Concerned patients often bring in larval specimens found in stool or in the toilet which
they found in say “came out of them.” Physicians and laboratory personnel must be
careful not to confirm such allegations without definitive proof. Just because someone
says they found a maggot in their stool does not mean it passed out of the digestive
tract. Depending upon several factors, including cleanliness of the home or bathroom,
the maggots may have coincidentally been found in/near stool samples, or could sub-
sequently have infested the stool samples. On a number of occasions, I have investi-
gated cases of “maggots” in toilet bowls which were in fact soldier fly larvae coming
from the wax seal (where the toilet connects to the floor). The larvae crawl away from
their food source when ready to pupate, and often end up in the toilet bowl.

Myiasis Confused with Boils

Boil-like lesions are often produced in cases of cutaneous myiasis; this may
also be called furuncular myiasis. In furuncular myiasis, the lesion usually
begins as a papule, gradually enlarging to an erythematous, dome-shaped
nodule containing a central pore. Exact size of the lesion depends on the spe-
cies of fly larva involved and the stage of development, but generally the
nodular lesion is at least 1 cm across with an ill-defined, indurated inflamma-
tory edema extending out about 1-2cm. The central hole is about 3 mm in
diameter and easily visible. The developing fly larva generally does not
migrate through the skin (there are rare exceptions) but remains stationary,
gradually increasing in size. Lesions may have a discharge containing pus,
blood, and/or portions of the cast larval skin as the developing larva molts.
Itching and pain accompany the infestation. The inflammatory reaction
around the lesion may lead to lymphangitis and regional lymphadenopathy.
Secondary infection can occur, especially if the larva dies in situ or if the
patient crudely or incompletely removes the larva. Cutaneous myiasis pre-
senting as furuncular lesions is generally not life-threatening, as opposed to
myiasis caused by screwworm flies. However, considerable pain, misery,
and mental anguish are associated with the infestation. And the psychologi

(continued)
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(continued)

cal trauma should not be underestimated. I have heard several patients say
things like, “Just the thoughts of that fly maggot living in my skin...” Even
though furuncular myiasis does not ordinarily occur in the United States
(there are a few rare exceptions), modern, rapid, international air travel has
created a “global village” in which tropical maladies are easily imported.

Myiasis cases reported to the Mississippi Department of Health have included
urogenital, aural, and cutaneous infestations. However, it has been my experience that
most clinical samples (facultative myiasis) stem from blow fly (Diptera: family
Calliphoridae) larvae being found in a patient’s nose, ear, rectum, or pus-filled
wound. If the site is a natural orifice, there is/was usually a lesion, infection, etc., that
proved attractive to the female fly. Many times, the patient is an invalid or otherwise
“exposed” and unable to care for himself. These cases of myiasis are usually not life
threatening because the larvae only rarely invade healthy tissue. Patients with myiasis
should be queried about recent travel history. Occasionally, human bot fly or screw-
worm myiasis occurs in travelers returning from tropical countries. One woman I
knew personally, returning home from Belize, complained about a “boil” behind her
ear. She claimed she could hear a “clicking” sound inside the boil. Eventually she was
seen by a physician who diagnosed human bot fly myiasis. Apparently, she really was
hearing the larva as it moved or fed inside the tissues near her ear.

13.2.5 Differential Diagnosis

Boil-like and/or nodular lesions on human skin can have numerous causes, including
staphylococcal infections, cat-scratch disease, tick-bite granuloma, tungiasis (infesta-
tion by a burrowing flea), and infestation with various parasitic worms (such as
Dirofilaria, Loa loa, and Onchocerca), as well as many other causes. Many nodular
lesions eventually ulcerate if the inflammatory process is intense enough to result in
destruction of the overlying epidermis. Lesions from myiasis do not ulcerate. The cen-
tral core of the lesion should be examined for evidence of a fly larva. Sometimes the
posterior end of the larva is clearly visible just below the skin surface. Another helpful
clue in diagnosing myiasis with the human bot fly, Dermatobia hominis, is that some-
times the pointed posterior end of the larva protrudes from the central opening. This
protrusion may be visible on several occasions and extend up to Smm above the skin.

13.3 Prevention, Treatment, and Control

Prevention and sanitation can avert much accidental and facultative myiasis
occurring in the industrialized world. Exposed foodstuffs should not be unattended
for any length of time to prevent flies from ovipositing therein. Covering, and
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preferably refrigerating, leftovers should be done immediately after meals.
Washing fruits and vegetables prior to consumption can help remove developing
maggots, although visual examination should also be accomplished during slicing
or preparing these items. Other forms of accidental myiasis may be prevented by
protecting invasive medical equipment from flies and avoiding sleeping nude,
especially during daytime. To prevent facultative myiasis, extra care should be
taken to keep wounds clean and covered, especially on elderly or helpless indi-
viduals. Daily or weekly visits by a home health nurse can help prevent faculta-
tive myiasis in patients who stay at home. In institutions containing invalids,
every effort should be made to control entry of flies into the facility. This might
involve such things as keeping doors and windows screened and in good repair,
thoroughly sealing all cracks and crevices, installing air curtains over doors used
for loading and unloading supplies, and installing UV fly traps in areas accessible
to the flies, but inaccessible to patients. Prevention of obligate myiasis involves
avoiding sleeping outdoors during daytime in screwworm-infested areas and
using insect repellents in Central and South America to prevent bites by bot fly
egg-bearing mosquitoes.

Treatment of accidental enteric myiasis is probably not necessary (although
there may be rare instances of clinical symptoms), since in most cases there is
no development of the fly larvae within the highly acidic stomach environment
and other parts of the digestive tract. They are killed and merely carried along
through the digestive tract. Treatment of other forms of accidental myiasis as
well as facultative or obligate myiasis involves removal of the larvae. Alexander
(8) recommends debridement with irrigation. Others have suggested surgical
exploration and removal of fly larvae under local anesthesia (7). Care should be
taken not to burst the maggots on removal. Human bot fly larvae have been suc-
cessfully removed using “bacon therapy,” a treatment method involving cover-
ing the punctum (breathing hole in the patient’s skin) with raw meat or pork (9).
In a few hours, the larvae migrate into the meat and are then easily extracted.
Maggot infestation of the nose, eyes, ears, and other areas may require surgery
if larvae cannot be removed via natural orifices. Since blow flies and other
myiasis-causing flies lay eggs in batches, there could be tens or even hundreds
of maggots in a wound.
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Chapter 14
Imaginary Insect or Mite Infestations

14.1 Introduction and Medical Significance

If in practice very long, most physicians, regardless of specialty, have encountered
patients who claim that invisible insects or mites are on/in their skin. For proof,
they may even bring in tiny bottles, bags, envelopes, and so forth, containing
specks of dusts, hair, lint, or skin that they claim contain the offending specimens.
In response, these patients are usually examined for actual arthropod infestations,
evaluated for organic causes of the crawling sensations, and (frequently) given
antiscabicidal creams or lotions. However, more often than not, the patient becomes
discouraged with that particular doctor and moves on to another. Such wandering
among physicians, entomologists, and public health personnel may last for years
without the patient ever receiving the help he or she really needs.

This condition, often called delusions of parasitosis (DOP), is a psychiatric
disorder characterized by an unshakable belief that tiny, almost invisible insects
or mites are living on or in the body. No argument or scientific evidence can
convince a patient with true DOP that there is no infestation (1). A condition
consistent with DOP was first recognized by Thibierge (2) in the late 1800s, but
appropriate definition and terminology were not applied until later. It has been
called Ekbom’s Syndrome, delusionary parasitosis, delusory parasitosis, and
others. Wilson and Miller designated the condition “delusions of parasitosis,”
which seems to be accurate and the term most widely used (3). Recently, how-
ever, the condition has been referred to as psychogenic parasitosis based on a
study in which many DOP patients gave up the belief (that bugs were on them)
after reassurance and suggestion (4). The authors concluded that a delusion is a
fixed false belief by definition, and therefore, any patients who had a shakable
belief could not be considered delusional in the classic sense (4). Regardless of
the naming controversy, adverse health effects from DOP include radical patient
efforts to rid themselves of the “bugs,” such as quitting jobs, burning furniture,
abandoning homes, and using powerful pesticides dangerously. Sometimes
patients commits suicide (5). One man I knew piled all his household furniture
in the backyard and burned it. His comment at that time was “the house is next
if this doesn’t get em.”

J. Goddard, Infectious Diseases and Arthropods, 221
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14.2 Clinical Aspects and Contributing Factors

The patient is characteristically an elderly female (1, 6, 7). It has been my experience
that younger patients (<50) are usually male (8). Most patients present with com-
plaints of tiny insects or mites crawling under their skin, biting, tickling, or burrow-
ing. Seldom is itching the primary complaint. Lesions may be present, though
neurotic excoriation may be the cause (9). Other skin damage may be present result-
ing from intense scrubbing (steel wool, metal scratch pads, and so on) or use of harsh
chemicals, such as gasoline or Clorox. In one study, 82% of DOP patients presented
with “evidence” of their infestation that included tiny, nonharmful insects, dust,
specks of debris, and skin or ear scrapings wrapped in paper or in jars or vials (8) (Fig.
14.1). A consistent and diagnostic feature is the patient’s absolute conviction that he
or she knows exactly what is going on (1). The patient may also be angry that his or
her physician cannot even see, much less eliminate, the “bugs.” The medical history
often has a persuasive, yet idiosyncratic logic, and the patient may be so convincing
that others in the family secondarily share in the delusion — a folie a deux.

Various events, such as sudden family bereavement, flooding, or exposure to
parasitized persons or animals have been cited as precipitating factors (6). Abuse
of drugs such as methamphetamine may lead to DOP — one case was clearly attrib-
uted to cocaine use (10). Sometimes an initial and real insect infestation in the
home environment triggers the delusion. For example, if someone with an indoor
pet gets fleas inside the home, he or she may still feel mysterious biting long after
the fleas have been killed by an exterminator.

Fig. 14.1 Samples in folded pieces of paper sent in by a DOP patient
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14.3 Differential Diagnosis

DOP must be separated from actual insect or mite infestations, as well as from
organic conditions that may contribute to a crawling sensation on the skin. Bhatia
et al. (7) provided an excellent clinical profile of 52 DOP cases which is helpful for
diagnosis. Skin scrapings by a dermatologist may be indicated to rule out scabies.
Samples submitted by the patient should be examined for the presence of biting
insects or mites. Sometimes lab personnel can accomplish this, although a local
university entomology department or county extension service may be the better
alternative. Ideally, the patient’s home should be inspected for biting arthropods.
Pest controllers will perform this service for a fee, but may prey on patient fears
and recommend expensive pesticidal treatments. Health department or university
personnel sometimes become involved in home visits, but are under no mandate to
investigate private pest problems.

There may be internal physiological causes of the crawling sensation. Diabetes,
icterus, atopic dermatitis, and lymphoblastomas have skin manifestations that can
mistakenly be considered arthropod-induced (11, 12). At times, pellagra may pro-
duce DOP, which disappears with appropriate therapy (12).

14.4 Treatment Strategies

An interdisciplinary approach is needed to help DOP patients, mainly involving
family practice physicians, dermatologists, psychiatrists, and entomologists (Fig.
14.2). Family practice or general practitioners are usually the providers who first see
DOP patients. Physicians need to be careful not to diagnose “insect bites” based on
lesions alone, and should call upon entomologists to examine samples. Entomologists
need to understand the medical complexity of delusions — that there are intensive
obsessional worries, true delusions, and a whole host of abnormal personality traits
associated with DOP — and avoid any hint of medical evaluation of the patient.
Although psychiatric evaluation is needed, most DOP patients will not see a psy-
chiatrist (even if referred). Instead, they will seek out another physician, thus start-
ing the whole process over again. For this reason, Koblenzer, a dermatologist, says
“because the patient has great emotional involvement in the skin, I usually allow
him or her to maintain that focus, but I substitute positive healing measures for their
prior destructive rituals. Supervision of topical treatments through frequent, even
quite short office visits, serves to allow a supportive and accepting relationship to
develop. Hopefully, this will gradually allow the patient to accept either oral medi-
cation or referral to a psychiatrist.” (14). One of the most extensively used drugs for
DOP has been the antipsychotic agent, pimozide, although other medications such
as haloperidol, risperidone, and olanzipine, have also been used with success (12).
Controlled studies (although with few patients) have shown a response rate of
~54-90% to pimozide (12, 15). Anecdotally, many dermatologists I know report
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Fig. 14.2 Possible strategy for assessing patient with mysterious bites (provided by permission
from ref. (13))

good success treating DOP patients with the drug. Pimozide has several serious
effects and should only be used with careful supervision. The most common side
effects are parkinsonian symptoms, such as tremor, bradykinesia, shuffling gait, and
masked facies. Tardive dyskinesia is perhaps the most worrisome, since it may be
irreversible. If pimozide is used, the lowest effective dosage should be used for the
shortest possible duration, because many patients with DOP fit the profile for the
patient at highest risk for tardive dyskinesia (a woman > 50-yr old) (15).
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Appendix 1

Signs and Symptoms of Arthropod-Borne Diseases

The following is an alphabetical listing of common signs and symptoms of arthropod-
borne diseases. Unfortunately, few signs and symptoms are specific to any one
disease. Further differentiation by appropriate laboratory or radiologic tests may be
needed. By no means should this listing be considered as a complete differential
diagnosis of any of the symptoms discussed.

Adenopathy:

Anemia:

Blister:

Bulls-Eye Rash
(see Erythema
Migrans)

Chagoma:

Chyluria:

Coma:

Generalized adenopathy may occur in the early stages of
African trypanosomiasis — the glands of the posterior
cervical triangle being most conspicuously affected
(Winterbottom’s sign). Adenopathy may also be seen in
the acute stage of Chagas’ disease.

Anemia may be seen in cases of malaria, babesiosis, and
trypanosomiasis. Anemia can be especially severe in fal-
ciparum malaria.

A blister may occur at arthropod bite sites. Blistering
may also occur as a result from blister beetles contacting
human skin.

An indurated, erythematous lesion may occur on the
body — often head or neck — caused by Trypanosoma
cruzi infection (Chagas’disease). A chagoma may persist
for 2-3mo.

The presence of chyle (lymphatic fluid) in the urine is
often seen in lymphatic filariasis. Urine may be milky
white and even contain microfilariae.

Sudden coma in a person returning from a malarious area
may indicate cerebral malaria. African trypanosomiasis
(sleeping sickness) may also lead to coma after a long
period of increasingly severe symptoms of meningoen-
cephalitis. Rocky Mountain Spotted Fever and other
rickettsial infections may also lead to coma.
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Conjunctivitis:

Dermatitis:

Diarrhea:

Edema:

Elephantiasis:

Eosinophilia:

Eosinophilic
Cerebrospinal
Fluid Pleocytosis:

Epididymitis:

Appendix 1

Chagas’ disease and onchocerciasis may lead to chronic
conjunctivitis.

Several arthropods may directly or indirectly cause
dermatitis. Chiggers and other mites may attack the skin,
causing a maculopapular rash. Scabies mites may burrow
under the skin’s surface making itchy trails or papules.
Lice may give rise to hypersensitivity reactions with itchy
papules. Chigoe fleas burrow in the skin (especially on
the feet), causing local irritation and itching. Macules or
erythematous nodules may result as a secondary cutane-
ous manifestation of leishmaniasis.

Leishmaniasis (and specifically visceral leishmaniasis —
kala-azar) may lead to mucosal ulceration and diarrhea.
In falciparum malaria, plugging of mucosal capillaries
with parasitized red blood cells may lead to watery
diarrhea.

Edema may result from arthropod bites or stings. Loiasis
(a nematode worm transmitted by deer flies) may also
cause edema — a unilateral circumorbital edema as the
adult worm passes across the eyeball or lid. Passage of
the worm is brief, but inflammatory changes in the eye
may last for days. Loiasis may also lead to temporary
appearance of large swellings on the limbs, known as
Calabar swellings at the sites where migrating adult
worms occur. Unilateral edema of the eyelid, called
Romana’s sign, may occur in Chagas’ disease. African
trypanosomiasis (sleeping sickness) may result in edema
of the hips, legs, hands and face.

Hypertrophy and thickening of tissues, leading to an
“elephant leg” appearance, may result from lymphatic
filariasis. Various tissues may be affected, including
limbs, the scrotum, and the vulva.

Helminth worms may cause eosinophilia. Atopic dis-
eases, such as rhinitis, asthma, and hay fever also are
characterized by eosinophilia.

Cerebrospinal fluid eosinophilic pleocytosis can be
caused by a number of infectious diseases (including
rickettsial and viral infections), but is primarily associ-
ated with parasitic infections.

Epididymitis, with orchitis, may be an early complication
of lymphatic filariasis.
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Erythema Migrans:

Eschar:

Excoriation:

Fever:

Hematemesis:

Hemoglobinuria:
Hydrocele:

Kerititis:

Leukopenia:

Lymphadenitis:

Lymphangitis:

Lymphocytosis:
Maggots:
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Erythema migrans may follow bites of ticks infected with
the causative agent of Lyme disease, Borrelia burgdor-
feri. Typically the lesion consists of an annular erythema
with a central clearing surrounded by a red migrating
border. Although erythema migrans does not always
occur, it is virtually pathognomonic for Lyme disease.

A round (generally 5-15mm) spot of necrosis may result
from boutonneuse fevers, American boutonneuse fever,
(spotted fever group illnesses), or scrub typhus. An
eschar develops at the site of tick or chigger bite.
Lesions produced by “self-scratching” may be a sign of
imaginary insect or mite infestations (delusions of
parasitosis).

Fever is a common sign of many arthropod-borne dis-
eases, including the rickettsioses, thyphus, dengue, yel-
low fever, plague, the encephalitides, and others. In some
cases, there are cyclical peaks of fever, such as in relaps-
ing fever (tick-borne) or malaria. Falciparum malaria is
notorious for causing extremely high fever (107°F or
higher). Filariasis may be marked by fever, especially
early in the course of infection.

Coffee-ground color or black vomit may be a sign of yel-
low fever.

Falciparum malaria can cause “blackwater fever.”
Hydrocele may result from lymphatic filariasis, develop-
ing as a sequel to repeated attacks of orchitis.

Inflammation of the cornea is sometimes a result of ocu-
lar migration of Onchocerca volvulus microfilariae. It
may lead to blindness.

Leukopenia is a prominent finding in cases of ehrlichio-
sis. It may also occur (3,000-6,000/mm?) with a relative
monocytosis during the afebrile periods of malaria.

Inflammation of one or more lymph nodes may be a sign
of lymphatic filariasis — especially involving the femoral,
inguinal, axillary, or epitrochlear nodes.

Lymphangitis can be an early symptom of lymphatic
filariasis, involving the limbs, breast, or scrotum.
Lymphocytosis may occur in Chagas’ disease.

The presence of fly larvae in human tissues is termed
myiasis. Various blow flies, bot flies, and other muscoid
flies are usually involved.
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Meningoencephalitis:

Myocarditis:

Neuritis:

Nodules,
Subcutaneous:

Onchocercoma:

Orchitis:

Paralysis:

Proteinuria:

Puncta:

Rash:
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Meningoencephalitis has many causes, but may be a
result of trypanosomes in the case of African trypano-
somiasis (sleeping sickness) or Chagas’ disease (although
generally milder). Falciparum malaria infection may be
cerebral, with increasing headache and drowsiness over
several days, or even sudden onset of coma.

Chagas’ disease may lead to myocardial infection.
African trypanosomiasis may also cause myocarditis to a
lesser extent.

Neuritis may be caused by bee, ant, or wasp venom.
Occasionally stings to an extremity result in weakness,
numbness, tingling, and prickling sensations for days or
weeks. Neuritis may also result from infection with the
Lyme disease spirochete.

Onchocerciasis may present as skin nodules (see
Onchocercoma). Tick bites may also result in nodules.
Fly larvae in the skin (myiasis) may also present as nod-
ules. Common species involved are the human botfly
larva, Dermatobia hominis, the Tumbu fly, Cordylobia
anthropophaga, and rodent botfly larvae, Cuterebra spp.

Coiled masses of adult O. volvulus worms beneath the
skin enclosed by fibrous tissues may occur in patients
living in tropical countries endemic for ochocerciasis.
Orchitis may be a symptom of lymphatic filariasis;
repeated attacks may lead to hydrocele.

Ascending flaccid paralysis may result from tick attach-
ment. The paralysis is believed to be caused by a salivary
toxin injected as the tick feeds.

Proteinuria, with hyaline and granular casts in the urine,
often occurs in falciparum malaria.

A small, point-like pierce mark may mark the bite or
sting site of an arthropod. Paired puncta may indicate
spider bite or centipede bite.

There are myriad causes of rash, but rash may accompany
many arthropod-borne diseases, such as Rocky Mountain
Spotted Fever, ehrlichiosis, murine typhus, and African
trypanosomiasis. The rash may appear to be ring-like,
and expanding in the case of Lyme disease (see Erythema
Migrans). An allergic urticarial rash may be seen in the
case of bites or stings.
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Romaiia’s Sign:

Shock:

Splenomegaly:

Tachycardia:

Ulcers, Cutaneous:

Urticaria:

Verruga Peruana:

Winterbottom’s Sign:
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A common sign early in the course of Chagas’ disease,
Romaiia’s sign is a unilateral palpebral edema, involving
both the upper and lower eyelids. This generally occurs
when a kissing bug (the vector of the Chagas’ organism)
bites near the eye.

Shock may occur from arthropod stings (rarely bites) as
a result of hypersensitivity reactions to venom or saliva.
Shock may also accompany falciparum malaria.
Splenomegaly can be a result of lymphoid hyperplasia in
both African and American trypanosomiasis. It may also
occur in visceral leishmaniasis (kala-azar).

Both African and American trypanosomiasis may pro-
duce tachycardia. In Chagas’ disease tachycardia may
persist into the chronic stage where it may be associated
with heart block.

A shallow ulcer (slow to heal) may be a sign of cutaneous
leishmaniasis. In the New World, lesions from cutaneous
leishmaniasis are most often found on the ear. Also, a
firm, tender, raised lesion up to 2cm or more in diameter
may occur at the site of infection in African
trypanosomiasis.

Urticaria may result from an allergic or generalized sys-
temic reaction to arthropod venom or (more rarely)
saliva.

A benign dermal eruption (peruvian warts) is one mani-
festation of bartonellosis. The verrugae are chronic, last-
ing from several months to years, and contain large
numbers of Bartonella bacilliformis bacteria.

In the early stages of African trypanosomiasis, patients
may exhibit posterior cervical lymphadenitis.
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Diagnostic Tests Used in Arthropod-Borne Diseases

A.2.1 Agglutination

Agglutinations are antibodies that cause clumping together (agglutination) of
microorganisms, erythrocytes, and often antigenic particulates. If the serum being
tested is specific, agglutinins present will cause cultured parasites or bacteria to
clump when the serum is introduced.

A.2.2 Complement Fixation

In CF tests, the suspected serum is incubated with a known source of antigen, permitting
the antigen-antibody interaction to bind complement and remove it from the reaction
mixture. A sheep-blood indicator is then added which hemolyzes in the presence of
free complement. If the sheep cells fail to hemolyze, complement is absent; its
absence testifies to the prior occurrence of an antigen-antibody reaction. By varying
the serum or antigen dilution, one can achieve a crude approximation of titer.

A.2.3 Direct Fluorescent Antibody

A DFA test (some texts refer to it as direct immunofluorescence or DIF) utilizes
fluorescent tagging of antibodies produced against the pathogen in question. These
tagged antibodies can be purchased commercially against a wide variety of organ-
isms. When tagged antibodies are placed on a microscope slide containing the
pathogen, the organisms fluoresce when viewed by fluorescent microscopy. DFA is
a one-step procedure involving the placement of tagged antibody on a suspect
smear of tissue or blood and viewing (after a brief phosphate-buffered saline [PBS]
wash) with a UV light-equipped microscope.
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A.2.4 Enzyme-Linked Immunosorbent Assay (ELISA)

Similar, if not identical, to a test called Enzyme Immunoassay (EIA), the ELISA
test may be used for quantitative determination of either antigen or antibody. The
appropriate antigen or antibody is bound to (usually) plastic microtiter plates, and
the specimen to be tested is then added and given time to react with the already
present antigen or antibody. After a wash to remove any unbound test material, an
enzyme-linked antigen or antibody is added. After a second wash, a substrate is
added that will react with the remaining enzyme to produce a color change.

A.2.5 Hemagglutination Inhibition (HI)

The HI test measures the presence of hemagglutination-inhibiting antibody toward
a particular organism. The suspected serum is incubated with fluid medium known
to be capable of agglutinating red cells. After the incubation period, the agglutinat-
ing potency is measured, and the absence of subsequent agglutination indicates the
presence of specific antibodies in the serum.

A.2.6 Immunohistochemistry (IHC)

IHC is used to visualize pathogens in tissues as well as to diagnose abnormal cells
such as those found in cancerous tumors. The test is performed on tissue sections
and, in most cases, utilizes an antibody conjugated to an enzyme, such as peroxi-
dase, that can catalyse a color-producing reaction. Alternatively, the antibody can
be tagged to a fluorescent chemical such as FITC, rhodamine, or Texas Red, for
reading with a fluorescent microscope.

A.2.7 Indirect Fluorescent Antibody (IFA)

The IFA test is a two-step test involving the placement of patient serum suspected
of containing antibodies on a slide with fixed, known antigen. After an incubation
period and PBS washing, the slide is then covered with a solution containing
fluorescent-tagged antihuman antibodies. After a second incubation period and
PBS washing, the slide is viewed by fluorescent microscopy. Fluorescence of
antigen on the slide is considered evidence of patient antibodies toward that par-
ticular organism. By serially diluting patient serum, a titer can be determined.
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A.2.8 Leishmanin (Montenegro Test)

The leishmanin test (not available in the United States) is sometimes used to help diag-
nose cases of cutaneous and muco-cutaneous leishmaniasis. It involves an intradermal
injection of a suspension of killed promastigotes. A high percentage of Leishmania
tropica and Leishmania braziliensis infections will test positive by this test.

A.2.9 Mazzotti

The Mazzotti test is used to determine if a patient has onchocerciasis. It can be
dangerous and is not used in many areas. It consists of oral administration of 25 or
50 mg of diethylcarbamazine to a patient suspected of having onchocerciasis. If the
patient is infected, an intense itching occurs in a few hours (as the microfilariae die
within the skin). The itching is then controlled by short-term administration of
corticosteroids, or will subside on its own within 2-3d.

A.2.10 Neutralization

The neutralization test (NT) is the most specific immunologic test for the majority
of viral infections. The identification of an unknown viral isolate is made by ana-
lyzing the degree to which antisera of known reactivity prevent the virus from
infecting tissue-culture cells, eggs, or animals. If neutralizing antibody is present,
virus cannot attach to cells, and infectivity is blocked

A.2.11 Polymerase Chain Reaction (PCR)

PCR has dramatically changed diagnostic microbiology in recent years. PCR
makes specific identification of pathogens possible, even when only a few organ-
isms are present. PCR is a highly sensitive technique by which minute quantities of
DNA or RNA sequences are enzymatically amplified to the extent that a sufficient
quantity of material is available to reach a threshold signal for detection using a
specific probe. The scientific basis of PCR is that each infectious disease agent (in
fact, every living thing) possesses a unique signature sequence in its DNA or RNA
by which it can be identified. In other words, there is a unique sequence of amino
acids for each organism. By finding those unique sequences and constructing prim-
ers to amplify those specific areas of DNA, identification of an organism can be
accomplished from a blood or tissue sample, or even from an infected arthropod
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vector. PCR is carried out using a thermocycler, which produces a series of heat-
cool cycles, whereby double-stranded DNA is dissociated into single strands that
are in turn allowed to anneal in the presence of specific primers on cooling.
Through the successive heat—cool cycles (usually about 30), the DNA sequence to
be detected is amplified millions of times. The product is then visualized after sepa-
ration on agarose gels by electrophoresis and appropriate staining. There are vari-
ous types of PCR, such as real-time PCR which allows more samples to be
processed at once, and nested PCR which is more sensitive than either real-time or
direct PCR.
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illustration, 99
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Anaplasma phagocytophilum, 96-98
Anaplasmosis (HGA), 96-98
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Anopheles darlingi, 40
geographic distribution, 42
illustration, 42
malaria, 40
Anopheles freeborni, 26
catholic feeder, 26
malaria vectors, 26, 40
Anopheles gambiae, 40
geographic distribution, 41
illustration, 41
malaria, 40
Anopheles hermsi, 26, 40
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Anopheles leucosphyrus, 40, 43
geographic distribution, 43
illustration, 43
malaria, 40

Anopheles maculipennis, 27

Anopheles mosquitoes, 21, 26-27, 31-45,

72,74
Bancroftian filariasis, 72
breathing, 31
breeding, 33
cyclopropagative transmission, 22
dog heartworm, 74
egg laying, 33
positions feeding, 32
vector control, 44
vectors, 21, 40-43

Anopheles punctipennis, 26
malaria vectors, 40

Anopheles quadrimaculatus, 27, 40
malaria vectors, 40

Anophelinae, 31

Antibody-dependent
Enhancement (ADE), 63

Antimalarial drugs, 45

Antiparasitic drug
onchocerciasis treatment, 166

Ants
fire ants, 195-198
sting apparatus, 202
stings, 195-198

Arachnids, 4-9
characteristics, 4

Arborival encephalitis, 49-57

Argasidae, 81-84
illustration, 82
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Arthropod-borne diseases
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dynamics, 19-27
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Arthropods
characteristics, 3
and health, 10-17, 19-27
historical medical aspects, 10
and HIV, 183-184
human diseases transmitted, 19-27
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Asian tiger mosquitoes, 21, 57-61
dengue virus, 58

Azithromycin
LD treatment, 105
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Babesia bigemina, 110
Babesia canis, 110
Babesia divergens, 109
Babesia equi, 110
Babesia gibsoni, 110
Babesia microti, 109-111
life cycle, 110
Babesiosis, 109-111
Bacillus thuringiensis, 166
Bacon therapy, 218
Bacterium tularense, 105
See also Francisella tularensis
Bancroftian filariasis, 68-74
biological transmission, 22
geographic distribution, 69
Wuchereria bancrofti, 70
Bartonella bacilliformis, 150
Bartonella henselae, 140
Bartonella quintana, 171
Bartonellosis, 140, 150
Bees, 13, 202
sting apparatus, 202
stings, 204-206
Beetles, 16
blister, 12
larvae, 16
Benznidazole, 159
Chagas’ disease treatment, 159
Biological transmission
classification types, 20
disease agents, 21
example, 22
Bird-biting mosquitoes, 47, 50
Bite lesions, 11, 201
Bites, 11, 201
arthropods, 11, 201
spiders, 5, 189, 201
tick
illustration, 91
Rocky Mountain Spotted Fever
(RMSF), 87
Bite site
erythema migrans (EM), 101
Biting flies
tularemia, 106
Black death, 134
Black flies, 165-166
filarial worms, 164
Black rat, 134
Black soldier fly, 209
illustration, 210
Black widow spider, 11
venom, 11
Blister, 12
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Blister beetles, 12
Blow flies see Calliphoridae, 211-216
illustration, 213
larvae, 213
Body lice, 170-171
medical importance, 170
Boils (caused by fly larvae),
216-217
Borrelia burgdorferi, 104—105
detection, 104
Borrelia hermsi, 116
illustration, 115
Borrelia recurrentis, 116, 174
Borrelia turicata, 116
Bot fly, 212, 214
Boutonneuse fever, 94
Brown recluse, 187
Brown widow spider
venom, 11
bite effects, 11
Brugia malayi, 72, 74
lymphatic filariasis treatment, 74
Brugian filariasis, 68
geographic distribution, 69
Bubonic plague, 134-135
Bulls-eye rash, 101
Burrowing fleas, 10

C
Calliphoridae, 211, 213
Calliphora vicina, 211
Campestral plague, 133
Canine ehrlichiosis, 97
Cantharidin, 12
Carios rudis, 117
Carrion’s disease, 150
Cat fleas, 139, 141
Catholic feeder
Anopheles freeborni, 26
Cat-scratch disease (CSD), 140
clinical presentation, 139
symptoms, 140
transmission modes, 141
treatment, 141
Cebidae monkeys
and YF, 67
Cefuroxime
LD treatment, 105
Centipedes, 4, 9
characterizations, 9
Central European TBE, 111
Cercopithecidae monkeys
and YF, 67
Cerebral malaria, 38

Chagas’ disease, 153—-160
clinical and laboratory findings,
153-154
diagnosis, 157
ecology, 157
geographic distribution, 155
medical significance, 153
prevention and control,
159-160
symptoms, 153-156
transmission mode, 157
treatment, 159
vectors, 159
Chagoma, 227
Cheese skipper, 210
illustration, 210
Chiclero’s ulcer, 146
Chikungunya, 56-57
outbreaks, 57
symptoms, 56
vectors, 57
Chigger-borne rickettsiosis, 166
Chiggers, 166—-169
life cycle, 169
Chigoe fleas, 10
Chilopoda
characteristics, 4, 9
Chloramphenicol
louse-borne disease treatment, 174
murine typhus treatment, 139
RMSF treatment, 90
scrub typhus treatment, 169
tularemia treatment, 108
Chloroquine
antimalarial drug, 40
Chrysomya albiceps
illustration, 214
Chrysomya chloropyga
illustration, 214
Chrysomya flies
illustration, 214
Chrysomya megacephalus
illustration, 214
Chrysomya rufifacies, 211
Chrysops discalis, 108
Chyluria, 227
Ciprofloxacin
CSD treatment, 141
Clindamycin
human babesiosis treatment, 111
Cochliomyia macellaria, 211
illustration, 213
Cockroaches
mechanical transmission, 19
transmission mode, 20
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Colorado tick fever (CTF), 113
diagnosis and treatment, 113
symptoms, 113

Coma, 38, 46, 50, 86, 112, 160, 227

Commensal rats, 134

Competent vectors, 12, 24-25

Complement fixation, 138,

157,233

Conenose bugs, 157. See also Kissing bugs

and Triatoma

Conjunctivitis, 228

Coquillettidia perturbans
mosquito vector, 48

Cotton rats, 138

Cowdria ruminantium 96

CSD (cat-scratch disease),

139-141

Ctenocephalides felis, 139, 141

Culex mosquitoes, 21, 33-35, 46, 74
breathing, 33
breeding, 35
dog heartworm, 74
egg laying, 35
positions, 32
SLE, 46, 50-52

Culex nigripalpus
SLE mosquito vector, 51

Culex pipiens
SLE mosquito vector, 51

Culex quinquefasciatus
Bancroftian filariasis, 70-71
SLE mosquito vector, 51
WNYV mosquito vector, 54

Culex tarsalis
illustration, 52
SLE mosquito vector, 51
WEE, 54
WNYV, 54

Culex tritaeniorhynchus
JE, 56

Culicidae mosquitoes, 31
subfamilies, 31

Culicinae
characteristics, 31

Culiseta melanura
enzootic vector, 21, 47

Cutaneous leishmaniasis,

143-144
geographic distribution, 145

Cuterebra flies, 215

Cyclodevelopmental transmission
disease agents, 22

Cyclopropagative transmission
disease agents, 22
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D
Daddy longlegs, 6
Dark rice field mosquitoes, 33
Deer fly, 21, 105, 108
illustration, 106
Deer fly fever, 106
Deer mice, 133, 135
Deer tick, 101-102
geographic distribution, 101
illustration, 101
DEET, 48, 89, 150
leishmaniasis protection, 150
Delusions of parasitosis (DOP), 221
Den 1
dengue virus serotype, 58
Den 2
dengue virus serotype, 58
Den 3
dengue virus serotype, 58
Den 4
dengue virus serotype, 58
Dengue, 58-63
Dengue fever, 58—-63
Dengue hemorrhagic fever (DHF), 61-63
risk factors, 62
Dengue shock syndrome (DSS), 61-62
risk factors, 62
Dengue vaccine, 63
Dengue virus, 58-63
geographic distribution, 59
laboratory characteristics, 61
mosquito markings, 60
serotypes, 58
spread, 58
symptoms, 58
treatment, prevention and control,
62-63
Dermacentor andersoni
and CTF, 113
geographic distribution, 88
illustration, 87
interference phenomenon, 25
tick vectors, 21, 87, 107, 113
tick paralysis, 120-121
Dermacentor marginatus, 96
Dermacentor nuttalli, 96, 107
Dermacentor silvarum, 96
Dermacentor ticks
tick paralysis, 120—-121
Dermacentor variabilis, 21, 85, 87, 99
geographic distribution, 87
illustration, 88
tick paralysis, 120121
tick vectors, 87, 99, 107



Index

Dermatitis, 15, 101, 103, 165, 191, 223, 228
Diagnostic tests
arthropod-borne diseases, 233
Diarrhea, 228
Diethylcarbamazine (DEC)
lymphatic filariasis treatment, 74
onchocerciasis treatment, 166
Diplopoda, 4, 9
characteristics, 9
Dip-Sticks
malaria diagnosis, 38
scrub typhus diagnosis, 167
Direct fluorescent antibody, 233
Dirofilaria immitis, 74
Dirofilaria repens, 74
Dirofilariasis, 74
Dirofilaria tenuis, 74
Dirofilaria ursi, 74
Disease agents
biological transmission, 20
mechanical transmission, 19
Diseases
transmitted by arthropods, 21
Disease transmission
direct effects, 11
indirect effects, 12
Dog antiparalysis serum
tick paralysis treatment, 123
Dog heartworm, 74
Dog tapeworm
transmission mode, 20
Dog tick, 85, 87, 99
Domestic rats, 134
DOP, 221
Doxycyline
ABF treatment, 94
CSD treatment, 141
ehrlichiosis treatment, 100
LD treatment, 105
murine typhus treatment, 139
RMSF treatment, 90
scrub typhus treatment, 169
TBREF treatment, 117
Dust mites, 14

E
Eastern equine encephalitis (EEE), 4649
control, 48
differential diagnosis, 48
ecology, 47
geographic distribution, 47
life cycle, 48
onset of symptoms, 46
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East Side agent, 25
Edema, 228
Ehrlichia, 96-100
Ehrlichia canis, 97
Ehrlichia chaffeensis, 97-98
Ehrlichia ewingii, 98—100
Ehrlichia phagocytophila, see Anaplasma
phagocytophilum, 98—100
Ehrlichia ruminantium, 96
Ehrlichiosis, 96-100
EIA. See ELISA, 234
Ekbom’s Syndrome, 221
Elephantiasis, 68
ELISA. See Enzyme-linked immunosorbent
assay, 234
Encephalitides group, 46-56
Encephalitis viruses
mosquito-transmitted, 46-56
Envenomation, 11, 201
Envenomization, 11, 201
Enzootic cycle, 47
Enzootic vector
Culiseta melanura, 47
Enzyme immunoassay (EIA),
see ELISA, 234
in scrub typhus diagnosis, 167
Enzyme-linked immunosorbent assay
(ELISA), 234
African sleeping sickness diagnosis, 161
Borrelia burgdorferi detection, 104
Chagas’ disease diagnosis, 157
leishmaniasis diagnosis, 147
microfilariae identification, 70
plague diagnosis, 136
tick-borne encephalitis diagnosis, 113
Eosinophilia, 228
Eosinophilic cerebrospinal fluid pleocytosis,
228
Epidemic typhus, 21, 170-171
Epididymitis, 228
Epizootic cycle, 22, 47, 97
Epizootic hosts
fleas, 135
Eristalis tenax, 210
illustration, 211
Erythema migrans,
bite site, 103
Erythromycin,
CSD treatment, 141
Eschar, 92-94
tick bite, 93-94
Excoriation, 222
Extrinsic factors
vector competence, 24
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F
Facultative myiasis, 211
contributing factors, 215
treatment, 217-218
Falciparum malaria, 38, 46, 50, 53, 56, 86, 96,
97, 100, 106, 112, 114, 229
Febrile anemia, 150
Fever, 38
Fiddle back spider, venom of, 11
Field’s stain
microfilariae identification, 70
Filarial worms, 22
biological transmission, 22
life cycle, 73
Fire ants, 195-198
attacks, 198
venom, 196
Flea-borne diseases, 138-140
Fleas, 131
biology, 131
burrowing, 10
cat, 139, 141
chigoe, 10
epizootic hosts, 135
labeled diagram structure, 132
larvae, 131
mouthparts, 132
Oriental rat flea, 135-138
illustration, 136
transmission mode, 135
Flesh flies, 211
illustration, 213
Flies
biting
tularemia, 106
black flies, 164—166
filarial worms, 164
black soldier fly, 210
blow flies, 210-211
illustration, 213
larvae, 213
bot fly, 212
Chrysomya
illustration, 214
Cuterebra, 215
deer fly, 21, 106, 108
illustration, 106
flesh flies, 215
illustration, 213
house flies
disease transmission, 20
life cycle, 19-20
hump-backed, 212
larvae, 212

mechanical transmission, 19-20, 179,
183-184

Megaselia, 211

Musca, 211

Muscina, 211

Sarcophaga, 211
illustration, 213

sand, 21, 143-151
biology, 143

sand fly fever, 150

Sarcophaga, 211

screwworm, 212
illustration, 214

Simulium, 21, 164—165

soldier fly, 210
illustration, 210

tsetse, 21, 160-165
illustration, 160

tularemia, 21, 106, 108

Fomite house
and YF, 66
Francisella tularensis, 105

G
Gamma-interferon
leishmaniasis treatment, 149
Gentamicin
CSD treatment, 141
tularemia treatment, 109
Geographic distribution
Aedes aegypti, 61
Aedes albopictus, 61
African sleeping sickness, 161
Amblyomma americanum, 100
Anopheles darlingi, 42
Anopheles gambiae, 41
Anopheles leucosphyrus, 43
Brugian filariasis, 70
Chagas’ disease, 155
deer tick, 101
dengue virus, 59
Dermacentor andersoni, 88
Dermacentor variabilis, 88
eastern equine encephalitis (EEE), 47
HGE/HGA, 97
Ixodes holocylus, 122
Ixodes scapularis, 101
Japanese encephalitis (JE), 57
LaCrosse encephalitis (LAC), 56
LBREF, 173
leishmaniasis, 145
lone star tick (LST), 100
louse-borne typhus, 172
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malaria, 37
Ornithodoros ticks, 118
plague, 133
scrub typhus, 167
St. Louis encephalitis, 51
tick-borne relapsing fever (TBRF), 118
western equine encephalitis (WEE), 55
yellow fever (YF), 64
Giant centipede, 9
Giemsa stain
babesiosis diagnosis, 110
leishmaniasis diagnosis, 148
microfilariae identification, 70
Giemsa Wayson stain
plague diagnosis, 136
Glossina, 161-164
Glossina fuscipes, 162
Glossina morsitans, 162
Glossina pallidipes, 162
Glossina palpalis, 162
Glossina swynnertoni, 162
Glossina tachinoides, 162
Glucantime
leishmaniasis treatment, 149
Grasshoppers, 3
Gulf coast tick, 85, 90-94

H
Haemagogus mosquitoes
sylvatic cycle, 67
Haemaphysalis
tick vectors, 21, 96
Haemaphysalis concinna, 96
Haemaphysalis flava, 85
tick vectors, 85
Hard ticks, 81-82
characteristics, 81
Harvestmen, 6
HE, 98
HME, 97-98
Head lice
life cycle, 5
Health
arthropods direct effects, 11
arthropods indirect effects, 12
Hemagglutination inhibition (HI), 234
Hematemesis, 229
Hemipteran insects, 153
Hemoglobinuria, 229
Hemolymph test, 25
Hemolytic anemia, 38, 187
Hermetia illucens, 210
illustration, 210
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Hetrazan
lymphatic filariasis treatment, 74
HGA/HGE. See also Human granulocytic
ehrlichiosis (HE), 96-98
HIV transmission
and mosquitoes, 183—184
HME. See Human monocytic ehrlichiosis
(HME), 96-98
House centipede, 9
House flies, 4
larvae, 5
life cycle, 5
House mosquito
Bancroftian filariasis, 72
Howler monkeys
and YF, 67
Human babesiosis, 109-111
clinical and laboratory findings, 109
ecology, 110
medical significance, 109
treatment and control, 111
Human bot fly, 212-216
Human diseases transmitted
arthropods, 21
Human ehrlichiosis, 96-98
Human granulocytic ehrlichiosis (HGE),
96-98
ecology, 99
tick vectors, 99
Human immunodeficiency virus (HIV),
183-184
Human monocytic ehrlichiosis (HME),
96-98
Hump-backed flies, 212
Hyalomma, 85
tick vectors, 85
Hyalomma iongicornis, 85
tick vectors, 85
Hydrocele, 229
Hymenoptera
sting apparatus, 204
Hypereosinophilia, 70

I
IFA. See Indirect fluorescent antibody (IFA),
70
Imaginary insect and mite infestation, 221
contributing factors, 222
differential diagnosis, 223
treatment strategies, 224
Immunoglobulin M
and LD, 103
Indigenous leishmaniasis, 148



244

Indirect fluorescent antibody (IFA), 70
African sleeping sickness diagnosis,
161
babesiosis diagnosis, 110
Chagas’ disease diagnosis, 157
ehrlichiosis diagnosis, 99
leishmanisasis diagnosis, 147
microfilariae identification, 70
murine typhus, 138
plague diagnosis, 136
RMSF diagnosis, 86
scrub typhus diagnosis, 167
Infective sporozoites
malaria, 38
Inland floodwater mosquitoes, 33
Insect
characterizations, 3—4
forms of development, 3—4
and HIV, 183-184
pathogen pick up, 19-21
Insecta
characteristics, 3—4
Insect infestation
imaginary, 221
Insect mouthparts
description, 202
illustration, 202
list, 201-202
Insect pupae, activity of vs. mosquito pupae,
31
Insect stings or bites, 201-207
diagnosis, 206
infectious complications, 205
medical significance, 201
pathogenesis, 201
recognition, 206
Interference phenomenon, 25
Intrinsic factors
vector competence, 24
Itraconazole, 159
Ivermectin
lympbhatic filariasis treatment, 74
onchocerciasis treatment, 166
Ixodes cookie, 112
Ixodes cornuatus, 121
Ixodes dammini, 102
Ixodes holocyclus, 14, 96, 121
geographic distribution, 122
illustration, 122
tick vectors, 85
Ixodes ovatus, 85
tick vectors, 85
Ixodes pacificus, 104
Ixodes persulcatus, 112

Index

Ixodes ricinus, 107
illustration, 108

Ixodes scapularis, 21-22, 102, 124
geographic distribution, 101
illustration, 101

Ixodidae, 81-83

J

Japanese encephalitis (JE), 56
geographic distribution, 57

Japanese spotted fever, 85

Jungle YF cycles, 67

K

Kerititis, 229

Kissing bugs, 20, 21, 153-160
beak, 158
illustration, 158
transmission mode, 20

Kyasanur forest disease, 111

L
LaCrosse encephalitis (LAC),
46, 54

geographic distribution, 56

vectors, 46, 54
Larvae

mosquitoes, 31
Latex agglutination (LA) tests, 138
Leishmania aethiopia, 144
Leishmania braziliensis, 146
Leishmania chagasi, 147
Leishmania donovani, 146
Leishmania guyanensis, 146
Leishmania infantum, 146
Leishmania major, 144
Leishmania mexicana, 146
Leishmania panamensis, 146
Leishmania tropica, 144
Leishmania parasites, 143
Leishmaniasis, 143-145

clinical manifestations, 143-144

diagnosis, 147

ecology, 148

forms, 146

geographic distribution, 145

life cycle, 149

medical significance, 143-145

treatment and control, 149
Leishmanin test, 147
Leptopsylla segnis, 138
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Leptotrombidium akamushi
ST vector species, 169
Leptotrombidium arenicola
ST vector species, 169
Leptotrombidium deliense
ST vector species, 169
Leptotrombidium fletcheri
ST vector species, 169
Leptotrombidium mites, 168—169
Leptotrombidium pallidum
ST vector species, 169
Leptotrombidium pavlovsky
ST vector species, 169
Leptotrombidium scutellaris
ST vector species, 169
Leptotrombidium species, 168—169
Lesions
bite, 11, 205
Leukopenia, 229
Lice, 5, 170-173
head
life cycle, 5
Liponyssoides sanguineus, 85
Loiasis, 74, 228
Lone star tick (LST), 99-100
geographic distribution, 100
illustration, 99
Louping ill, 111
Louse-borne diseases
treatment, control, and prevention,
174
Louse-borne infections
medical importance, 170
Louse-borne relapsing fever
(LBRF), 174
geographic distribution, 173
Louse-borne typhus, 171
geographic distribution, 173
Lucilia sericata, 211, 215
Lutzomyia, 21, 148-150
Lutzomyia anthophora, 148
Lutzomyia colombiana, 150
Lutzomyia mexicana, 146
Lutzomyia verrucarum, 150
Lyme disease (LD), 21
clinical and laboratory findings, 103
ecology, 104
history, 102
symptoms, 100-101
tick bite, 104
treatment, 105
vectors, 22
Lymphadenopathy, 229
Lymphangitis, 229

Lymphatic filariasis
clinical and laboratory findings, 68
ecology, 70-71
medical significance, 68
symptoms, 68
treatment, 74

Lymphocytosis, 229

M
Maggot infestation, 218
Maggots, 209-220
Malaria, 13, 35-45
causative agent, 38
deaths, 13
diagnosis, 38
epidemiology, 35
geographic distribution, 36-37
history, 35
incidence, 13
life cycle, 39
mosquitoes, 40
mosquito vectors and behavior, 40
symptoms, 38
transmission mode, 20
treatment and control, 44
Malaria organism vectors
mosquitoes, 40
Malaria plasmodia
cyclopropagative transmission, 22
Malaria vaccine, 44
Malaria vectors
Anopheles mosquitoes, 40
Malayan filariasis, 68
Mansonella ozzardi, T4
Mansonella perstans, 74
Mansonella streptocerca, 74
Mansonia, 72
Mazzotti test, 65, 235
onchocerciasis diagnosis, 165
Mechanical transmission
disease agents, 20
Mectizan
lymphatic filariasis treatment, 74
onchocerciasis treatment, 165
Mediterranean spotted fever, 94
Mefloquine, 45
Megaselia flies, 211
Melarsoprol

245

African sleeping sickness treatment, 163

Mel-B7

African sleeping sickness treatment, 163

Meningoencephalitis, 48, 112, 156,
160, 227, 236
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Merozoites
malaria, 40
Microfilaramia, 68
Microfilariae identification
microscopic view, 70-71
sheath showing, 70
Millipedes, 4, 9
characterizations, 4,9
stains on skin, 12
Mite infestation
imaginary, 221
Mite islands, 166
Mites
characterizations, 8
Leptotromidium, 168
pathogen pick up, 169
trombiculid, 168
Montenegro test, 235
Morulae (illustration), 97
Mosquito biology, 31
Mosquito-borne diseases, 35-77
Mosquito-borne encephalitis, 45-56
Mosquitoes, 31-77
Aedes, 32-35, 57-61, 67
breathing, 33
dog heartworm, 74
egg laying, 34
positions, 32-33
Anopheles, 32-33, 38, 4043
Bancroftian filariasis, 70
breathing, 33
breeding, 33
dog heartworm, 74
egg laying, 33
positions, 33
vectors, 40
Asian tiger
dengue virus, 58
bird-biting, 47, 50, 53
Culex, 21, 33-35, 46, 54, 56
breathing, 31, 33
breeding, 33, 35
dog heartworm, 74
egg laying, 35
positions, 32
and SLE, 50
and WNYV, 53-54
Culicidae, 31
subfamilies, 33
dark rice field, 33
dengue virus mosquito markings,
60
filarial worms, 74
forest scrub

and YF, 67
Haemagogus
sylvatic cycle, 67
head and mouthparts, 34
HIV transmission, 183-184
House, 21, 72
and Bancroftian filariasis, 72
illustration, 32
inland floodwater, 33
larvae, 32
malaria, 13, 35-45
malaria organism vectors, 40
Plasmodium
malaria, 38
vectors, 40
Psorophora, 33-34
biting patterns, 34
egg laying, 33-34
VEE, 55
pupae, 31-32
Salt marsh, 33
tree canopy YF and, 67
tree hole, 21, 33-34, 67, 143
LAC, 54
tularemia, 105
tumblers, 31-32
wigglers, 31-32
yellow fever, 63—-66
Mosquito house
and YF, 66
Mosquito pupae, 31
activity, 31
insect pupae, 31
Mosquito-transmitted encephalitis
viruses, 46-56
Mosquito vectors, 21, 26, 40
dengue, 58
malaria, 40
and SLE, 50-51
and WNYV, 46, 54
Moths, 3, 16
larvae, 3, 16

Mucocutaneous leishmaniasis, 143, 146

geographic distribution, 145
illustration, 146
Murine typhus, 136

clinical and laboratory findings, 138

ecology, 138
medical significance, 136—-137
vs. Rocky Mountain spotted fever
(RMSF), 138
symptoms, 138
treatment, 139
Musca flies, 211

Index
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Muscina flies, 211
Myiasis, 11, 209-218
contributing factors, 215
in clinical practice, 216
prevention, treatment, and
control, 217
Myocarditis, 230

N
Neuritis, 230
Neutralization, 235
Nifurtimox

Chagas’ disease treatment, 159
Nodules, subcutaneous, 230
North Asian tick typhus, 85
Norway rat, 139
Nosopsyllus fasciatus, 138

(0}

Obligate myiasis, 209-218
contributing factors, 216
treatment, 217-218

Obstructive filariasis, 70

Ochlerotatus (formerly Aedes) mosquitoes,

31,35

Ochlerotatus sollicitans, 34, 46, 48

Ochlerotatus taeniorhynchus, 48

Ochlerotatus triseriatus, 33, 46
and LAC, 54

Oculoglandular tularemia, 106

Omsk hemorrhagic fever, 111

Onchocerca volvulus, 164

Onchocerciasis, 164—166
clinical and laboratory findings, 165
diagnosis, 165
ecology, 165
medical significance, 164
treatment, prevention, and control, 166
vectors, 165

Opiliones, 6

Orbivirus, 113

Orchitis, 228

Oriental rat flea, 135-137
illustration, 136

Orientia tsutsugamushi, 22, 166

Ornithodoros, 21, 116-117

Ornithodoros erraticus
geographic distribution, 117

Ornithodoros hermsi
geographic distribution, 117

Ornithodoros moubata
geographic distribution, 117
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Ornithodoros parkeri
geographic distribution, 117
Ornithodoros porcinus
geographic distribution, 119
Ornithodoros rudis
geographic distribution, 117
Ornithodoros tholozani
geographic distribution, 119
Ornithodoros turicata
geographic distribution, 117
illustration, 118
Oropharyngeal tularemia, 106
Oroya fever, 150
Otobius megnini
illustration, 82

P
Panstrongylus megistus
Chagas’ disease vectors, 159
Papatasi fever, 150
Paralysis, 119-123, 230
Parasite transmission
modes, 20
Parinaud’s oculoglandular syndrome,
140
Pathogen transmission
mechanical vs. biological,
19-20
modes, 20
PCR. See Polymerase chain reaction (PCR),
235
Pediculus, 21, 170
Pediculus humanus corporis, 170
Pentavalent antimonials
leishmaniasis treatment, 149
Pentostam
leishmaniasis treatment, 149
Permanone, 90
Permanone Repel, 90
Permethrin products, 90
Peromyscus leucopus, 110
Peruvian warts, 150
Phaenicia (Lucilia) sericata, 211
Phlebotominae, 148
Phlebotomus, 21, 151
Phlebotomus papatasi, 151
Phormia regina, 211
Pian bois, 146
Pimozide
imaginary insect and mite infestation
treatment, 223-224
Piophilia casei, 210
illustration, 210
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Plague, 133-136
clinical presentation, 133
diagnosis, 136
ecology, 135
geographic distribution, 133
state by state, 135
history, 134
life cycle, 135
transmission mode, 135
treatment, 136
Plague of Justinian, 134
Plasmodium falciparum, 38, 110
Plasmodium malariae, 38
Plasmodium mosquitoes
malaria, 40
vectors, 40
Plasmodium ovale, 38
Plasmodium species, 38
Plasmodium vivax, 38
Pleomorphic coccobacilli, 96
Pneumonic
plague form, 24
Polymerase chain reaction (PCR),
235
Borrelia burgdorferi detection,
Chagas’ disease diagnosis, 157
CSD detection, 138
ehrlichiosis diagnosis, 98
RMSF diagnosis, 86
tularemia diagnosis, 105
Powassan encephalitis (POW), 111
Promastigotes, 144, 147
Propagative transmission
disease agents, 22
Prophylaxis, 45
Proteinuria, 230
Pseudomyiasis, 209
Psorophora columbiae, 33
Psorophora mosquitoes
biting patterns, 35
egg laying, 33
and VEE, 46, 55
Psychodidae, 148
Puncta, 205, 230
Pupae, 3, 31
mosquitoes, 31
Pyrimethamine
antimalarial drug, 45

Q
Queensland tick typhus (QTT), 96
Quinidine

antimalarial drug, 45

Quinine
antimalarial drug, 45
Quinine sulfate
human babesiosis treatment, 111

R
Rabbit fever, 105
Radio-immunoassay (RIA)
Chagas’ disease diagnosis, 157
Rapid diagnostic tests
malaria diagnosis, 38

Rash, 14, 61, 86, 92, 94, 96, 98, 105, 113, 115,

138, 165, 171, 201, 227

Rats, 133, 148
Rat-tailed maggot, 210

illustration, 211
Rattus norvegicus, 138
Rattus rattus, 23, 135, 138
Red-tailed monkeys

and YF, 67
Reduviidae, 153
Relapsing fever, 21, 114

louse-borne vs. tick borne, 116
Rhipicephalus

tick vectors, 85, 87, 94
Rhipicephalus appendiculatus, 94
Rhipicephalus sanguineus, 85, 87
Rhodnius, 159
Rhodnius prolixus

Chagas’ disease vectors, 159
Rice culture, 27
Rice rats, 138
Rickettsia africae, 85
Rickettsia akari,22, 85
Rickettsia australis, 85
Rickettsiaceae, 84
Rickettsia conori, 85
Rickettsiae, 84
Rickettsia honei, 85
Rickettsia japonica, 85
Rickettsial disease, 21-22, 84
Rickettsial pox, 22
Rickettsia montana, 25
Rickettsia parkeri, 85
Rickettsia peacocki, 25
Rickettsia prowazekii, 21
Rickettsia rhipicepahali, 25
Rickettsia rickettsii, 22, 25, 85
Rickettsia siberica, 85
Rickettsia typhi, 138

murine typhus, 138
Rifampin

CSD treatment, 141
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Riparian habitat, 26-27
River blindness, 164
Rochalimaea henselae, 140
Rochalimaea quintana, 171
Rocky Mountain spotted fever
(RMSF), 84
characteristics, 84
clinical and laboratory aspects, 85
ecology, 87
infected tick bite, 87
prevention, 87
symptoms, 84
Rocky Mountain wood tick, 87-88
Romana’s sign, 156
Roof rat, 139

Russian spring-summer encephalitis (RSSE),

111-112

S
Sarcophaga tlies, 211
illustration, 213
Salivary excretions
arthropods, 11, 153, 205, 208
Salt marsh mosquitoes, 33, 34, 48
Salt marsh mosquitoes
biting patterns, 35
epizootic vector species, 48
Sand flies, 10, 142, 148, 150
biology, 148
Sand fly fever, 150
Sand fly-transmitted diseases, 150
Sarcophaga tlies, 211
Sarcophaga haemorrhoidalis, 213
Scorpion
stinging position, 8
venom, 11
Scorpions, 3, 4, 8, 13
characterizations, 4, 9
Screwworm flies, 11, 212, 214, 216, 218
illustration, 214
Scrub typhus, 166-169
clinical and laboratory findings, 167
diagnosis, 167
ecology, 168
geographic distribution, 167
medical significance, 166
treatment, prevention, and control, 168
vectors, 169
Sensu latu, 26
Septicemic plague, 133
Shock, 62,231
Siberian tick typhus (STT), 84-85
Simulium, 21, 164-165

Simulium damnosum, 165
Simulium flies, 21, 165
Simulium metallicum, 166
Simulium neavei, 165
Simulium ochraceum, 166
Skin biopsies
onchocerciasis diagnosis, 165
Sleeping sickness, 160-164
Social insects, 11
Soft ticks, 81, 83, 116
characteristics, 81
illustration, 82
Soldier fly, 209, 210, 216
illustration, 210
Spider monkeys, YF and, 67
Spiders, 3-7, 11, 187-192
bites, 187
black widow
venom, 11
brown widow
venom, 11
characterizations, 4-5
daddy longlegs, 6
fiddle back
venom, 187
venom, 11, 187
Splenomegaly, 146
Sporozoites (malaria), 40
Spotted fever group, 25, 84-85
epidemiologic information, 84-85
Spotted fever rickettsioses, 84
St. Louis encephalitis, 46, 49-52
control, 52
ecology, 50-51
geographic distribution, 51
life cycle, 50
symptoms, 50
vectors, 50-51
Sting apparatus, 204
Stings, 10, 11, 14, 195-198
arthropods, 11
Streptomycin
plague treatment, 136
tularemia treatment, 108
Sulfonamides
antimalarial drug, 45
Suramin
African sleeping sickness treatment,
163
onchocerciasis treatment, 164
Sylvatic plague, 133
Sylvatic YF, 67
Symbiotic rickettsial organism, 122
Systemic tick-borne illness, 100
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T
Tachycardia, 231
Tapeworm
transmission mode, 20
Tarantula, 7
Tests
arthropod-borne diseases, 233
Tetracycline
antimalarial drug, 45
ehrlichiosis treatment, 100
louse-borne disease treatment, 174
murine typhus treatment, 139
plague treatment, 136
RMSF treatment, 86
TBREF treatment, 117
tularemia treatment, 108
Theileria, 110
Three-day fever, 150
Tick-borne encephalitis, 111-113
diagnosis and treatment, 113
Tick-borne relapsing fever (TBRF), 114
clinical and laboratory findings, 114
diagnosis, 115
ecology, 116
geographic distribution, 118
vs. louse-borne, 116
medical significance, 119
symptoms, 114-115
treatment and control, 117
Tick paralysis, 119
clinical features, 119-120
mechanisms, 121
medical significance, 119
prevention and treatment, 123
Tick removal
method, 91
Ticks
American dog, 21, 22, 87, 99, 107, 121
biology, 81
bite, 86-87, 90, 94, 96
eschar, 94-95
Lyme disease, 102
Rocky Mountain Spotted Fever
(RMSF), 87
characterizations, 8
deer, 102
geographic distribution, 101
illustration, 101
Dermacentor, 22, 25, 85, 87, 96, 99, 123
Gulf coast
diseases associated with, 92-93
dog, 21, 22, 87,99, 107
hard, 81
characteristics, 81

Index

illustration, 82
interference phenomenon, 25
Ixodes, 85,96, 99, 102, 104, 107, 112, 121
illustration, 101
life cycle, 83
lone star tick (LST), 21, 93, 99
geographic distribution, 100
illustration, 99
removal, 91
Rocky Mountain wood tick, 87-88
soft, 81, 83, 116
characteristics, 81
illustration, 82
tularemia, 107
western black-legged, 110
Timorian filariasis, 68
TMP-SMX
CSD treatment, 141
Toxorhynchitinae, 31
characteristics, 31
Transmission of pathogens
mechanical vs. biological, 19-20
Tree canopy mosquitoes
and YF, 67
Tree hole mosquitoes, 33, 46
and LAC, 46, 54
Trench fever, 171
Triatoma brasiliensis
Chagas’ disease vectors, 159
Triatoma bugs, 157
Triatoma dimidiata
Chagas’ disease vectors, 159
Triatoma infestans
Chagas’ disease vectors, 159
Triatoma protracta
Chagas’ disease vectors, 154
allergy to bites, 154
Triatoma sanguisuga
Chagas’ disease vectors, 154
Triatominae, 153
Trombiculid mites, 168
True bugs, 153
Trypanosoma brucei gambiense, 160
Trypanosoma brucei rhodesiensei, 160
Trypanosoma cruzi, 158—159
Trypanosoma rangeli, 157
Trypomastigote, 157
Tsetse flies, 21, 160
illustration, 166
Tularemia, 105
arthropod transmission, 107
clinical and laboratory findings, 106
medical significance, 105
treatment, 108
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Tumblers
mosquitoes, 31
Typhus island, 166

U
Ulceroglandular, 106
Ulcers, cutaneous, 122
Urban YF cycles, 67
Urine tests
onchocerciasis diagnosis, 165
Urticaria, 14-15, 201, 206, 230
Uta, 10

v
Vector-borne diseases, 10, 12, 13, 24, 153
Vector competence, 24
Vector mosquitoes
sylvatic cycle
Haemagogus mosquitoes, 67
Vectors
African sleeping sickness, 161-162
Anopheles mosquitoes, 40
Chagas’ disease, 157
competent, 24
incrimination, 25
onchocerciasis, 164
Plasmodium mosquitoes, 40
scrub typhus, 168
Venezuelan equine encephalitis, 46, 55
Vectors, 55
Venom, 11, 205
black widow spider, 11
brown widow spider, 11
fiddle back spider, 205
fire ants, 11, 196
scorpion, 11
spiders, 11, 205
Verruga peruana, 150
Viral encephalitis, 56, 111
Viruses
tick transmission, 111
Visceral leishmaniasis, 144-146
geographic distribution, 145

W
Wayson stain, 136
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Wasps, 3, 11, 13, 14, 202
sting apparatus, 204
stings, 203-205
Weil-Felix reactions, 86
West Nile virus, 46
life cycle, 53
control, 54
vectors, 46
Western black-legged tick, 104
Western equine encephalitis, 46
geographic distribution, 55
vectors, 46
White-footed mouse, 110
Wigglers
mosquitoes, 31
Wild rats, 138
Winterbottom’s sign, 161
Wood rats, 138, 148
Wright’s stain
plague diagnosis, 136
Wuchereria bancrofti, 70
Bancroftian filariasis, 70-72
life cycle, 73
lymphatic filariasis treatment, 74

X

Xenopsylla, 135-138

Xenopsylla cheopis, 135, 137-138
illustration, 136

Y
Yellow fever mosquitoes, 65
Yellow fever (YF), 63—68
geographic distribution, 64
history, 65-66
jungle vs. urban, 67
medical significance, 63
treatment and prevention, 67
Yellowjacket
sting apparatus, 204
illustration, 204
Yersinia pestis, 133

VA
Zoonoses
encephalitis, 45
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